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dŚŝƐ WŚ͘͘ ǁŽƌŬ ƉƌĞƐĞŶƚƐ Ă ĚĞͲŵŝǆŝŶŐ ƐŽůǀĞŶƚ ƐǇƐƚĞŵ ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƚǁŽ ĂŵŝŶĞƐ͕ ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů
;Ϳ ĂŶĚϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ ;DWͿ͕ ĨŽƌKϮĐĂƉƚƵƌĞǁŝƚŚĂƉŽƚĞŶƚŝĂů ƚŽƌĞĚƵĐĞƚŚĞĞŶĞƌŐǇ
ƉĞŶĂůƚǇŽĨƚŚĞĐĂƉƚƵƌĞƉƌŽĐĞƐƐ͘
dŚĞ ĚĞǀĞůŽƉŵĞŶƚ ŽĨ ĚĞͲŵŝǆŝŶŐ ƐŽůǀĞŶƚƐ ŝŶ ƚŚŝƐ ǁŽƌŬ ŝŶǀŽůǀĞĚ ĞǆƉĞƌŝŵĞŶƚĂů ŝŶǀĞƐƚŝŐĂƚŝŽŶƐ ĂŶĚ
ƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐŽĨƚŚĞĂƋƵĞŽƵƐ͕DW͕ĂŶĚͲDWŵŝǆƚƵƌĞƐǁŚŝĐŚĨŽƌŵůŝƋƵŝĚͲůŝƋƵŝĚ
ƉŚĂƐĞ ĐŚĂŶŐĞ ;ĚĞͲŵŝǆŝŶŐͿ͘ dŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ǁŽƌŬ ĐŽŶƐŝƐƚĞĚ ŽĨ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĞƉƌĞƐƐŝŽŶ ;&WͿ
ŵĞĂƐƵƌĞŵĞŶƚƐ ŝŶ ƚŚĞďŝŶĂƌǇĂŶĚ ƚĞƌŶĂƌǇĂƋƵĞŽƵƐ ƐŽůƵƚŝŽŶŽĨĂŶĚDW͘&WŵĞĂƐƵƌĞŵĞŶƚƐǁĞƌĞ
ĂůƐŽƉĞƌĨŽƌŵĞĚĨŽƌƚŚĞKϮůŽĂĚĞĚĂƋƵĞŽƵƐĂŶĚDWƐŽůƵƚŝŽŶƐ͘ĐĂůŽƌŝŵĞƚƌŝĐƐƚƵĚǇǁĂƐƉĞƌĨŽƌŵĞĚ
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͕DW͕ ŽŐͲDWďůĂŶĚŝŶŐĞƌ͕ ƐŽŵĚĂŶŶĞƌ ǀčƐŬĞͲ
ǀčƐŬĞĨĂƐĞƐƉůŝƚ͘ĞƚĞŬƐƉĞƌŝŵĞŶƚĞůůĞĂƌďĞũĚĞďĞƐƚŽĚĂĨŵĊůŝŶŐĞƌĂĨĨƌǇƐĞƉƵŶŬƚƐčŶŬŶŝŶŐĞƌ;&WͿ ŝďŝŶčƌĞ
ŽŐƚĞƌŶčƌĞǀĂŶĚŝŐĞŽƉůƆƐŶŝŶŐĞƌĂĨŽŐDW͘&WŵĊůŝŶŐĞƌďůĞǀŽŐƐĊƵĚĨƆƌƚĨŽƌKϮŚŽůĚŝŐĞǀĂŶĚŝŐĞ
ŽŐDW ůƆƐŶŝŶŐĞƌ͘ ƚ ŬĂůŽƌŝŵĞƚƌŝƐŬ ƐƚƵĚŝƵŵďůĞǀ ƵĚĨƆƌƚ ĨŽƌ ƐĂŵƚŝĚŝŐ ĂƚŵĊůĞ ĂďƐŽƌƉƚŝŽŶƐǀĂƌŵĞŶ͕
ŽƉůƆƐĞůŝŐŚĞĚĞŶĂĨKϮŽŐůŝŐĞǀčŐƚƐƚƌǇŬŬĞƚŝǀĂŶĚŝŐĞŽƉůƆƐŶŝŶŐĂĨ͕DW͕ŽŐͲDWďůĂŶĚŝŶŐĞƌ͘
ĞƵŶĚĞƌƐƆŐƚĞƐǇƐƚĞŵĞƌǀĂƌĚĞďŝŶčƌĞǀĂŶĚŝŐĞŽƉůƆƐŶŝŶŐĞƌĂĨϱD͕ϮDDW͕ŽŐϭDDW͕ŽŐ






ŝ ,ϮKͲͲDWͲKϮͲƐǇƐƚĞŵĞƌ ŽŐ ĚĞ ƚŽ ƐƵďͲƐǇƐƚĞŵĞƌ͕ ,ϮKͲͲKϮ ŽŐ ,ϮKͲDWͲKϮ͘
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^ŽůƵƚŝŽŶƐĂƚϴϬŽ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϲϭ
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dĂďůĞ ϱ͘Ϯ͗hE/Yh ǀŽůƵŵĞ ; U Ϳ ĂŶĚ ƐƵƌĨĂĐĞ ĂƌĞĂ ; T Ϳ ƉĂƌĂŵĞƚĞƌƐ ĨŝƚƚĞĚ ƚŽ ƚŚĞĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ͘ ŽůĚ
ǀĂůƵĞƐĂƌĞĚĞƚĞƌŵŝŶĞĚŝŶƚŚŝƐǁŽƌŬ͘͘ ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϬϱ

dĂďůĞ ϱ͘ϯ͗  LM MLX X  ƉĂƌĂŵĞƚĞƌƐ ĨŽƌ ĐĂůĐƵůĂƚŝŶŐ hE/Yh ŝŶƚĞƌĂĐƚŝŽŶ ĞŶĞƌŐǇ ƉĂƌĂŵĞƚĞƌƐ ;
  7LM LM LMX X X 7   Ϳ͘ŽůĚǀĂůƵĞƐĂƌĞĚĞƚĞƌŵŝŶĞĚŝŶƚŚŝƐǁŽƌŬ͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘͘ϭϬϲ

dĂďůĞ ϱ͘ϰ͗ 7 7LM MLX X  ƉĂƌĂŵĞƚĞƌƐ ĨŽƌ ĐĂůĐƵůĂƚŝŶŐ hE/Yh ŝŶƚĞƌĂĐƚŝŽŶ ĞŶĞƌŐǇ ƉĂƌĂŵĞƚĞƌƐ ;


























ƐƵĐŚ ĂƐ Ă ƉŽǁĞƌ ƉůĂŶƚ͕ ƚƌĂŶƐƉŽƌƚ ƚŚĞ ĐĂƉƚƵƌĞĚ KϮ ƚŽ ĂŶ ŝŶũĞĐƚŝŽŶ ƐŝƚĞ ĨŽƌ ĞǆĂŵƉůĞ ǀŝĂ Ă ƉŝƉĞůŝŶĞ͕ ĂŶĚ
ƐĞƋƵĞƐƚƌĂƚĞ ŝƚ ŝŶƚŽ Ă ŐĞŽůŽŐŝĐĂů ĨŽƌŵĂƚŝŽŶ ;Ğ͘Ő͕͘ Ă ĚĞĞƉ ƐĂůŝŶĞ ĨŽƌŵĂƚŝŽŶͿ ĨŽƌ Ă ůŽŶŐ ƚŝŵĞ ƐƚŽƌĂŐĞ͘ dŚĞ
ƉŽƚĞŶƚŝĂů ŝŶũĞĐƚŝŽŶ ƐŝƚĞ ŵĂǇ ĂůƐŽ ďĞ Ă ƉĞƚƌŽůĞƵŵ ƌĞƐĞƌǀŽŝƌ͕ ĂŶĚ ƚŚĞ ĐĂƉƚƵƌĞĚ KϮ ĐĂŶ ďĞ ƵƐĞĚ ĨŽƌ ƚŚĞ
ĞŶŚĂŶĐĞĚŽŝůĂŶĚͬŽƌŐĂƐƉƌŽĚƵĐƚŝŽŶĨƌŽŵƚŚĞƉĞƚƌŽůĞƵŵƌĞƐĞƌǀŽŝƌƐ͘ϯ
KǀĞƌϲϬйŽĨƚŚĞƚŽƚĂůĞůĞĐƚƌŝĐŝƚǇŐĞŶĞƌĂƚĞĚǁŽƌůĚǁŝĚĞĐŽŵĞƐƚŚƌŽƵŐŚƚŚĞĐŽŵďƵƐƚŝŽŶŽĨĨŽƐƐŝůĨƵĞůƐŵĂŝŶůǇ
ĐŽĂů ĂŶĚ ŶĂƚƵƌĂů ŐĂƐ͘ϰ ŽĂů ŝƐ Ă ĐŚĞĂƉ ĂŶĚ ĂďƵŶĚĂŶƚůǇ ĂǀĂŝůĂďůĞ ĨŽƐƐŝů ĨƵĞů͘ KŶůǇ ĐŽĂů ĨŝƌĞĚ ƉŽǁĞƌ ƉůĂŶƚƐ
ŐĞŶĞƌĂƚĞ ĂďŽƵƚ ϰϮ й ŽĨ ƚŚĞ ƚŽƚĂů ĞůĞĐƚƌŝĐŝƚǇ ǁŽƌůĚǁŝĚĞ͘ϱ /ƚ ŝƐ ĞǆƉĞĐƚĞĚ ƚŚĂƚ ƚŚĞ ƉŽǁĞƌ ŐĞŶĞƌĂƚŝŽŶ
ĚĞƉĞŶĚĞŶĐǇ ŽŶ ƚŚĞ ĐŽĂů ĂƐ ĂŵĂŝŶ ĨƵĞů ǁŝůů ĐŽŶƚŝŶƵĞ ƚŽ ŝŶĐƌĞĂƐĞ ĚƵĞ ƚŽ ŝŶĐƌĞĂƐĞĚ ĞŶĞƌŐǇ ĚĞŵĂŶĚ ĂŶĚ
ĞŶĞƌŐǇƐĞĐƵƌŝƚǇ ŝŶƚŚĞĨƵƚƵƌĞ͘ϲŽĂůĐĂŶĂůƐŽďĞĂƐƚƌĂƚĞŐŝĐĨƵĞů ŝŶĨƵƚƵƌĞƉŽǁĞƌŐĞŶĞƌĂƚŝŽŶĚƵĞƚŽ ŝƚƐ ůŽǁ
ĐŽƐƚ͕ƐĞĐƵƌŝƚǇĂŶĚƐƵƐƚĂŝŶĂďŝůŝƚǇŝŶƚŚĞƐƵƉƉůǇ͘,ŽǁĞǀĞƌ͕ƚŚĞƵƐĞŽĨĐŽĂůĨŽƌƉŽǁĞƌŐĞŶĞƌĂƚŝŽŶŝƐĂƐƐŽĐŝĂƚĞĚ
ǁŝƚŚ ŚŝŐŚ KϮ ĞŵŝƐƐŝŽŶƐ͘ϳ EĂƚƵƌĂů ŐĂƐ͕ ŽŶ ƚŚĞ ŽƚŚĞƌ ŚĂŶĚ͕ ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ĐůĞĂŶĞƌ ĨƵĞů͘ /Ŷ hŶŝƚĞĚ ^ƚĂƚĞƐ͕







KϮ ĞŵŝƐƐŝŽŶƐ ĨƌŽŵ ĚŝĨĨĞƌĞŶƚ ƐŽƵƌĐĞƐ ĂƌĞ ƌĞƉŽƌƚĞĚ ŝŶ ƚŚĞ ŽƉĞŶ ůŝƚĞƌĂƚƵƌĞ͘ϳͲϭϬ KϮ ĐĂƉƚƵƌĞ ĨƌŽŵŵŽďŝůĞ
ƐŽƵƌĐĞƐ͕ƐƵĐŚĂƐƚƌĂŶƐƉŽƌƚĂƚŝŽŶ͕ĂŶĚƐŵĂůůƐŽƵƌĐĞƐ͕ƐƵĐŚĂƐƐŵĂůůŝŶĚƵƐƚƌŝĂůƉůĂŶƚƐĂŶĚƌĞƐŝĚĞŶƚŝĂůƐĞĐƚŽƌ͕ŝƐ
ůŝŬĞůǇ ƚŽďĞǀĞƌǇĞǆƉĞŶƐŝǀĞĂŶĚĚŝĨĨŝĐƵůƚĐŽŵƉĂƌĞĚƚŽƚŚĞ ůĂƌŐĞƐƚĂƚŝŽŶĂƌǇƐŽƵƌĐĞƐƐƵĐŚĂƐ ĨŽƐƐŝů ĨƵĞů ĨŝƌĞĚ
ƉŽǁĞƌ ƉůĂŶƚƐ ĂŶĚďŝŐ ŝŶĚƵƐƚƌŝĂů ƵŶŝƚƐ ;Ğ͘Ő͕͘ ĐĞŵĞŶƚ͕ ƐƚĞĞů͕ ƌĞĨŝŶĞƌŝĞƐ͕ ĂŶĚƉĞƚƌŽĐŚĞŵŝĐĂů ƉůĂŶƚƐ ĞƚĐ͘Ϳ͘ KϮ











ĞŵĞŶƚƉƌŽĚƵĐƚŝŽŶ ĐŽŶƚƌŝďƵƚĞƐ ƚŚĞ ƐĞĐŽŶĚ ůĂƌŐĞƐƚKϮĞŵŝƐƐŝŽŶƐŽĨĂƌŽƵŶĚϲ͘ϵй ;ϵϯϮDƚKϮƉĞƌǇĞĂƌͿ
ĨŽůůŽǁĞĚďǇϱ͘ϵйĞŵŝƐƐŝŽŶƐĨƌŽŵƌĞĨŝŶĞƌŝĞƐ;ϳϵϴDƚKϮƉĞƌǇĞĂƌͿ͕ϰ͘ϴйĨƌŽŵŝƌŽŶĂŶĚƐƚĞĞůŝŶĚƵƐƚƌǇ;ϲϰϲ
DƚKϮƉĞƌǇĞĂƌͿ͕Ϯ͘ϴй ĨƌŽŵƉĞƚƌŽĐŚĞŵŝĐĂů ŝŶĚƵƐƚƌǇ ;ϯϳϵDƚKϮƉĞƌǇĞĂƌͿ͕Ϭ͘ϳй ĨƌŽŵďŝŽĞƚŚĂŶŽůĂŶĚ
ďŝŽĞŶĞƌŐǇ;ϵϭDƚKϮƉĞƌǇĞĂƌͿ͕Ϭ͘ϰйĨƌŽŵŽŝůĂŶĚŐĂƐƉƌŽĐĞƐƐŝŶŐ;ϱϬDƚKϮƉĞƌǇĞĂƌͿ͕ĂŶĚϬ͘ϮйĨƌŽŵ











ƉƌĞͲĐŽŵďƵƐƚŝŽŶ ĐĂƉƚƵƌĞ͕ ŽǆǇͲĨƵĞů ĐŽŵďƵƐƚŝŽŶ ĐĂƉƚƵƌĞ ĂŶĚ ƉŽƐƚͲĐŽŵďƵƐƚŝŽŶ ĐĂƉƚƵƌĞ͘ϭϬ  ƉƌŽĐĞƐƐ
ĚĞƐĐƌŝƉƚŝŽŶ ŽĨ ƚŚĞ ƉƌĞͲĐŽŵďƵƐƚŝŽŶ ĐĂƉƚƵƌĞ ƐǇƐƚĞŵ ŝƐ ŐŝǀĞŶ ŝŶ &ŝŐƵƌĞ ϭ͘Ϯ ĂůŽŶŐǁŝƚŚ ƚŚĞ ƉĂƌƚŝĐƵůĂƚĞƐ ĂŶĚ
ƐƵůĨƵƌƌĞŵŽǀĂůĞƋƵŝƉŵĞŶƚ͘ĨƵĞůŝƐŵŝǆĞĚǁŝƚŚĂŝƌŽƌŽǆǇŐĞŶĂŶĚƐƚĞĂŵƚŽƉƌŽĚƵĐĞĂŐĂƐŵŝǆƚƵƌĞŽĨĐĂƌďŽŶ





ŐĂƐ ƐƚƌĞĂŵ ĐŽŶƚĂŝŶŝŶŐ ŵĂŝŶůǇ KϮ ĂŶĚ ǁĂƚĞƌ ǀĂƉŽƌƐ ǁŚŝĐŚ ĐĂŶ ĞĂƐŝůǇ ďĞ ƌĞŵŽǀĞĚ ďǇ ĐŽŶĚĞŶƐĂƚŝŽŶ ƚŽ
ƉƌŽĚƵĐĞƉƵƌĞKϮƐƚƌĞĂŵƐ͘ƌǇŽŐĞŶŝĐ;ůŽǁƚĞŵƉĞƌĂƚƵƌĞͿƐĞƉĂƌĂƚŝŽŶŽĨĂŝƌŝƐƵƐĞĚƚŽƉƌŽĚƵĐĞƉƵƌĞŽǆǇŐĞŶ
ǁŚŝĐŚ ŝƐƵƐĞĚƚŽďƵƌŶƚŚĞĨƵĞů ŝŶĂďŽŝůĞƌƚŽŐĞŶĞƌĂƚĞƐƚĞĂŵĨŽƌĞůĞĐƚƌŝĐŝƚǇŐĞŶĞƌĂƚŝŽŶǀŝĂƐƚĞĂŵƚƵƌďŝŶĞƐ͘


















































ĨŽƌ ĐĂƉƚƵƌŝŶŐ KϮ ĨƌŽŵ ƚŚĞ ĨůƵĞ ŐĂƐ ĚƵĞ ƚŽ ƚŚĞ ůŽǁ KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞ ƉŽƐĞƐ ƚĞĐŚŶŝĐĂů ĐŚĂůůĞŶŐĞƐ ŝŶ
ĚĞǀĞůŽƉŝŶŐƚŚĞĞŶĞƌŐǇĂŶĚĐŽƐƚĞĨĨĞĐƚŝǀĞĐĂƉƚƵƌĞƉƌŽĐĞƐƐĞƐ͘/ŶƚŚĞƐĞĐŽŶĚŝƚŝŽŶƐ͕ĐŚĞŵŝĐĂůĂďƐŽƌƉƚŝŽŶŽĨKϮ
ŝŶĂŵŝŶĞƐ ŝƐĂŶĂƚƚƌĂĐƚŝǀĞĐŚŽŝĐĞ͘,ŽǁĞǀĞƌ͕ ŝƚ ŝƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚŚŝŐŚĞŶĞƌŐǇƌĞƋƵŝƌĞŵĞŶƚƐ ŝŶƐƚƌŝƉƉŝŶŐŽĨĨ






ŵŝŶĞ ďĂƐĞĚ ĂďƐŽƌƉƚŝŽŶͲĚĞƐŽƌƉƚŝŽŶ ŝƐ Ă ǁĞůůͲĞƐƚĂďůŝƐŚĞĚ ĂŶĚ ĐŽŵŵĞƌĐŝĂůůǇ ĂǀĂŝůĂďůĞ ƚĞĐŚŶŽůŽŐǇ ĨŽƌ ƚŚĞ
ƉŽƐƚĐŽŵďƵƐƚŝŽŶ KϮ ĐĂƉƚƵƌĞ͘ϭϭDŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ ;DͿ ŝƐ ƚŚĞŵŽƐƚ ĐŽŵŵŽŶůǇ ƐƚƵĚŝĞĚ ĂŵŝŶĞ ƐŽůǀĞŶƚ
ĂŶĚƵƐĞĚ ĂƐ Ă ďĞŶĐŚŵĂƌŬ͘ dŚĞŵĂŝŶ ĚŝƐĂĚǀĂŶƚĂŐĞŽĨD ;ϯϬŵĂƐƐйͿ ĂƐ Ă ĐĂƉƚƵƌĞ ƐŽůǀĞŶƚ ŝƐ ƚŚĞ ŚŝŐŚ
ĞŶĞƌŐǇĚĞŵĂŶĚŽĨ ƚŚĞ ƌĞďŽŝůĞƌǁŚŝĐŚ ŝƐĂƌŽƵŶĚϯ͘ϳ':͘;ƚŽŶKϮͿͲϭ͘ϭϮ͕ϭϯdŚĞƌĞ ŝƐĂŶĞĞĚƚŽĚĞǀĞůŽƉĞŶĞƌŐǇ
ĞĨĨŝĐŝĞŶƚ ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐ͘  ĚĞͲŵŝǆŝŶŐ ƐŽůǀĞŶƚ ƐǇƐƚĞŵϭϰ ĐŽŶƐŝƐƚƐ ŽĨ ƚǁŽ ĂŵŝŶĞƐ͕ ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů
;ͿĂŶĚϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ;DWͿ͕ŝƐƉƌĞƐĞŶƚĞĚŝŶƚŚŝƐǁŽƌŬ͘tŚĞŶĂŵŝǆƚƵƌĞŽĨĂŶĚ
DWĂƚĐĞƌƚĂŝŶĐŽŶĐĞŶƚƌĂƚŝŽŶƐƌĞĂĐƚƐǁŝƚŚKϮ͕ŝƚĨŽƌŵƐĂďŝƉŚĂƐŝĐůŝƋƵŝĚͲůŝƋƵŝĚƉŚĂƐĞĐŚĂŶŐĞ;ĚĞͲŵŝǆŝŶŐͿ
ŐŝǀŝŶŐĂŶƵƉƉĞƌ ůŝƋƵŝĚƉŚĂƐĞ ůĞĂŶ ŝŶKϮĂŶĚĂ ůŽǁĞƌ ůŝƋƵŝĚƉŚĂƐĞƌŝĐŚ ŝŶKϮ͘dŚĞKϮ ůĞĂŶƉŚĂƐĞ ŝƐƐĞŶƚ
ďĂĐŬƚŽƚŚĞĂďƐŽƌďĞƌǁŝƚŚŽƵƚƌĞŐĞŶĞƌĂƚŝŽŶĂŶĚŽŶůǇƚŚĞKϮƌŝĐŚƉŚĂƐĞŝƐƐĞŶƚƚŽƐƚƌŝƉƉĞƌĨŽƌƌĞŐĞŶĞƌĂƚŝŽŶ͘














ƚŚĞ ůĞĂŶĂŵŝŶĞƐŽůƵƚŝŽŶĞŶƚĞƌŝŶŐĂƚƚŚĞƚŽƉŽĨĂďƐŽƌďĞƌ͘KϮ ŝŶƚŚĞĨůƵĞŐĂƐ ŝƐŐĞƚĂďƐŽƌďĞĚŝŶƚŚĞĂŵŝŶĞ
ƐŽůƵƚŝŽŶĂŶĚƚŚĞĨůƵĞŐĂƐůĞĂŶŝŶKϮůĞĂǀĞƐƚŚĞĂďƐŽƌďĞƌĨƌŽŵƚŚĞƚŽƉ͘dŚĞKϮƌŝĐŚĂŵŝŶĞƐŽůƵƚŝŽŶĨƌŽŵ
ďŽƚƚŽŵŽĨƚŚĞĂďƐŽƌďĞƌŝƐƐĞŶƚƚŽƚŚĞƚŽƉŽĨƚŚĞƐƚƌŝƉƉĞƌǀŝĂĂŚĞĂƚĞǆĐŚĂŶŐĞƌǁŚĞƌĞŝƚŝƐŚĞĂƚĞĚƵƉďǇƚŚĞ
ƌĞŐĞŶĞƌĂƚĞĚ ĂŵŝŶĞ ƐŽůǀĞŶƚ ;ůĞĂŶ ĂŵŝŶĞͿ͘ KϮ ŝƐ ƐƚƌŝƉƉĞĚ ŽĨĨ ŝŶ ƚŚĞ ĚĞƐŽƌďĞƌ ;Žƌ ƐƚƌŝƉƉĞƌͿ ĂŶĚ ƚŚĞ
ƌĞŐĞŶĞƌĂƚĞĚƐŽůǀĞŶƚ ĨƌŽŵďŽƚƚŽŵŽĨ ƚŚĞƐƚƌŝƉƉĞƌ ŝƐƐĞŶƚ ƚŽ ƚŚĞ ƚŽƉŽĨĂďƐŽƌďĞƌ ĨŽƌĂŶŽƚŚĞƌƌƵŶ͘dŚĞKϮ
ƐƚƌĞĂŵ ĐŽŵŝŶŐ ŽƵƚ Ăƚ ƚŽƉ ŽĨ ƚŚĞ ƐƚƌŝƉƉĞƌ ŝƐ ĐŽŽůĞĚ ƚŽ ƐĞƉĂƌĂƚĞ ƚŚĞ ǁĂƚĞƌ ǀĂƉŽƌƐ ĂŶĚ ƉƵƌĞ KϮ ŝƐ
ĐŽŵƉƌĞƐƐĞĚĂŶĚƚƌĂŶƐƉŽƌƚĞĚƚŽƚŚĞƐƚŽƌĂŐĞƐŝƚĞ͘,ŽǁĞǀĞƌ͕ƚŚĞƉƌŽĐĞƐƐĚŝĂŐƌĂŵĨŽƌƚŚĞĚĞͲŵŝǆŝŶŐƐŽůǀĞŶƚƐ
ďĂƐĞĚ ĂďƐŽƌƉƚŝŽŶͲĚĞƐŽƌƉƚŝŽŶ ƐǇƐƚĞŵ ŝƐ ƐůŝŐŚƚůǇ ĚŝĨĨĞƌĞŶƚ ĂƐ ƐŚŽǁŶ ŝŶ &ŝŐƵƌĞ ϭ͘ϲ͘ϭϰ dŚĞ ŽŶůǇ ĚŝĨĨĞƌĞŶĐĞ
ďĞƚǁĞĞŶƚŚĞƚǁŽƉƌŽĐĞƐƐĞƐŝƐƚŚĂƚƚŚĞKϮƌŝĐŚƐŽůƵƚŝŽŶ;ďŽƚŚůŝƋƵŝĚƉŚĂƐĞƐͿĨƌŽŵƚŚĞĂďƐŽƌďĞƌ ŝƐƐĞŶƚƚŽ
ƚŚĞĚĞĐĂŶƚĞƌƚŽƐĞƉĂƌĂƚĞƚŚĞƚǁŽůŝƋƵŝĚƉŚĂƐĞƐ͘dŚĞůŽǁĞƌKϮƌŝĐŚůŝƋƵŝĚƉŚĂƐĞŝƐƐĞŶƚƚŽƚŚĞƐƚƌŝƉƉĞƌĨŽƌ

















dŚĞ ŵĂŝŶ ŽďũĞĐƚŝǀĞƐ ŽĨ ƚŚŝƐ WŚ͘͘ ǁŽƌŬ ĐĂŶ ďĞ ĚŝǀŝĚĞĚ ŝŶƚŽ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ŵĞĂƐƵƌĞŵĞŶƚƐ ĂŶĚ ƚŚĞ
ƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐ͕ĂŶĚĞůĂďŽƌĂƚĞĚĂƐĨŽůůŽǁƐ͗
ϭͿ ǆƉĞƌŝŵĞŶƚĂů ŵĞĂƐƵƌĞŵĞŶƚƐ ŽĨ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĞƉƌĞƐƐŝŽŶ ĨŽƌ ƚŚĞ ƵŶůŽĂĚĞĚ ĂŶĚ KϮ ůŽĂĚĞĚ
ĂƋƵĞŽƵƐĂŶĚDWƐŽůƵƚŝŽŶƐ͕ĂŶĚƵŶůŽĂĚĞĚĂƋƵĞŽƵƐͲDWŵŝǆƚƵƌĞƐ͘


















ƚŚĞ ƚĞƌŶĂƌǇ ĂƋƵĞŽƵƐ ͲDW ƐŽůƵƚŝŽŶƐ ĨŽƌ ĚŝĨĨĞƌĞŶƚŵŽůĂƌ ƌĂƚŝŽƐ ŽĨ ͬDW͘ dŚĞ ĞǆƉĞƌŝŵĞŶƚĂů
ŵĞƚŚŽĚ ǁĂƐ ĞǆƚĞŶĚĞĚ ƚŽ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ŵĞĂƐƵƌĞŵĞŶƚƐ ŝŶ ƚŚĞ KϮ ůŽĂĚĞĚ ƐǇƐƚĞŵƐ ďĂƐĞĚ ŽŶ ƚŚĞ
ƐĂƚƵƌĂƚŝŽŶ ŽĨ ĂŵŝŶĞ ƐŽůƵƚŝŽŶ ďǇ KϮ ĂŶĚ ƚŚĞŶ ĚŝůƵƚŝŽŶ ďǇ ƵƐŝŶŐ Ă ďĂƚĐŚ ŽĨ ƚŚĞ ŽƌŝŐŝŶĂů ƵŶůŽĂĚĞĚ ĂŵŝŶĞ
ƐŽůƵƚŝŽŶ ŝŶ ŽƌĚĞƌ ƚŽ ŐĞƚ ƚŚĞ ƐŽůƵƚŝŽŶƐ ǁŝƚŚ ĚŝĨĨĞƌĞŶƚ KϮ ůŽĂĚŝŶŐƐ͘ DĞĂƐƵƌĞŵĞŶƚƐ ĨŽƌ ƚŚĞ KϮ ůŽĂĚĞĚ
ƐǇƐƚĞŵƐǁĞƌĞƉĞƌĨŽƌŵĞĚĨŽƌĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨĂŶĚDWƐŽůƵƚŝŽŶƐĂƚĚŝĨĨĞƌĞŶƚKϮůŽĂĚŝŶŐƐ͘
dŚĞ ŵĞĂƐƵƌĞĚ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĂƚĂ ǁĞƌĞ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ŵŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ ;DͿ ĂŶĚ ŵĞƚŚǇů
ĚŝĞƚŚĂŶŽůĂŵŝŶĞ ;DͿ ĨŽƵŶĚ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ͘  ĐŽƌƌĞůĂƚŝŽŶ ĨŽƌ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ĂƐ Ă ĨƵŶĐƚŝŽŶ ŽĨ
ƐŽůƵƚŝŽŶĐŽŵƉŽƐŝƚŝŽŶǁĂƐĨŽƌŵƵůĂƚĞĚĨŽƌƚŚĞƵŶůŽĂĚĞĚďŝŶĂƌǇĂŶĚƚĞƌŶĂƌǇƐǇƐƚĞŵƐ͘
ŚĂƉƚĞƌϯĐŽǀĞƌƐƚŚĞŵĞĂƐƵƌĞŵĞŶƚƐŽĨŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶŽĨKϮŝŶƚŚĞĚĞͲŵŝǆŝŶŐƐŽůǀĞŶƚƐĂƐĂĨƵŶĐƚŝŽŶŽĨ


















KϮ ĐĂƉƚƵƌĞ͘ dŚĞ ǆƚĞŶĚĞĚ hE/Yh ƚŚĞƌŵŽĚǇŶĂŵŝĐ ĨƌĂŵĞǁŽƌŬ ǁĂƐ ŝŵƉůĞŵĞŶƚĞĚ ƚŽ ĚĞƐĐƌŝďĞ ƚŚĞ
ƚŚĞƌŵŽĚǇŶĂŵŝĐƐŽĨ ƚŚĞƚǁŽƐƵďͲƐǇƐƚĞŵƐ͕,ϮKͲͲKϮĂŶĚ,ϮKͲDWͲKϮ͕ ĨŽůůŽǁĞĚďǇ ƚŚĞ,ϮKͲͲ
DWͲKϮ ƐǇƐƚĞŵ ǁŚŝĐŚ ŐŝǀĞƐ ůŝƋƵŝĚͲůŝƋƵŝĚ ƉŚĂƐĞ ƐƉůŝƚ ;ĚĞͲŵŝǆŝŶŐ Žƌ ƉŚĂƐĞ ĐŚĂŶŐĞͿ͘ ŝĨĨĞƌĞŶƚ ƚǇƉĞƐ ŽĨ
ĞǆƉĞƌŝŵĞŶƚĂů ĞƋƵŝůŝďƌŝƵŵ ĚĂƚĂ ĂŶĚ ƚŚĞƌŵĂů ƉƌŽƉĞƌƚǇ ĚĂƚĂ ǁĞƌĞ ƵƐĞĚ ĨŽƌ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ͘ ϵϰ
ŵŽĚĞůƉĂƌĂŵĞƚĞƌƐĂŶĚϲƚŚĞƌŵŽĚǇŶĂŵŝĐƉƌŽƉĞƌƚŝĞƐǁĞƌĞĨŝƚƚĞĚƚŽĂƉƉƌŽǆŝŵĂƚĞůǇϭϱϬϬĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ
ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƉƵƌĞ ĂŵŝŶĞ ǀĂƉŽƌ ƉƌĞƐƐƵƌĞ͕ ǀĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ƐŽůŝĚͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ůŝƋƵŝĚͲůŝƋƵŝĚ


























;ϳͿ KϮ ŵŝƐƐŝŽŶƐ ĨƌŽŵ &ƵĞů ŽŵďƵƐƚŝŽŶ Ͳ ,ŝŐŚůŝŐŚƚƐ͕ /ŶƚĞƌŶĂƚŝŽŶĂů ŶĞƌŐǇ ŐĞŶĐǇ ;/Ϳ ^ƚĂƚŝƐƚŝĐ͗ WĂƌŝƐ͕
&ƌĂŶĐĞ͕ϮϬϭϯ͘ǀĂŝůĂďůĞŽŶůŝŶĞĂƚŚƚƚƉ͗ͬͬǁǁǁ͘ŝĞĂ͘ŽƌŐͬĐŽϮŚŝŐŚůŝŐŚƚƐͬĐŽϮŚŝŐŚůŝŐŚƚƐ͘ƉĚĨ;ĂĐĐĞƐƐĞĚƉƌŝůϮϬϭϰͿ͘
;ϴͿ /ŶƚĞƌŶĂƚŝŽŶĂů ŶĞƌŐǇ ^ƚĂƚŝƐƚŝĐƐ Ͳ dŽƚĂů ĂƌďŽŶ ĚŝŽǆŝĚĞ ŵŝƐƐŝŽŶƐ ĨƌŽŵ ƚŚĞ ŽŶƐƵŵƉƚŝŽŶ ŽĨ ŶĞƌŐǇ͘
ŚƚƚƉ͗ͬͬǁǁǁ͘ĞŝĂ͘ŐŽǀͬĐĨĂƉƉƐͬŝƉĚďƉƌŽũĞĐƚͬŝĞĚŝŶĚĞǆϯ͘ĐĨŵ͍ƚŝĚсϵϬΘƉŝĚсϰϰΘĂŝĚсϴ;ĂĐĐĞƐƐĞĚƉƌŝůϮϬϭϰͿ͘
;ϵͿtŽƌůĚŶĞƌŐǇKƵƚůŽŽŬϮϬϭϯ ;tKͲϮϬϭϯͿ͕ /ŶƚĞƌŶĂƚŝŽŶĂůŶĞƌŐǇŐĞŶĐǇ ;/Ϳ͕ϮϬϭϯ͘ǀĂŝůĂďůĞŽŶůŝŶĞĂƚ
ŚƚƚƉ͗ͬͬǁǁǁ͘ǁŽƌůĚĞŶĞƌŐǇŽƵƚůŽŽŬ͘ŽƌŐͬƉƵďůŝĐĂƚŝŽŶƐͬǁĞŽͲϮϬϭϯͬηĚ͘ĞŶ͘ϯϲϮϬϬ;ĂĐĐĞƐƐĞĚƉƌŝůϮϬϭϰͿ͘
;ϭϬͿDĞƚǌ͕͖͘ĂǀŝĚƐŽŶ͕K͖͘ĚĞŽŶŝŶĐŬ͕,͖͘>ŽŽƐ͕D͖͘DĞǇĞƌ͕>͘ĚƐ͘/W^ƉĞĐŝĂůZĞƉŽƌƚŽŶĂƌďŽŶŝŽǆŝĚĞ




































KϮ ĨƌŽŵ ƉŽǁĞƌ ƉůĂŶƚ ĨůƵĞ ŐĂƐĞƐ͘ dŚŝƐ ŝƐ ĚƵĞ ƚŽ ƚŚĞŝƌ ƵƐĞ ŝŶ ŵĂŶǇ ŝŶĚƵƐƚƌŝĂů ĂƉƉůŝĐĂƚŝŽŶƐ ƐƵĐŚ ĂƐ KϮ
ƌĞŵŽǀĂů ĨƌŽŵ ƌĞĨŽƌŵĞƌ ŐĂƐĞƐ͕ ĂĐŝĚ ŐĂƐ ƌĞŵŽǀĂů ĨƌŽŵ ŶĂƚƵƌĂů ŐĂƐ͕ ĞƚĐ͘ϭ dŚĞ ĂŵŝŶĞ ďĂƐĞĚ ƐĐƌƵďďŝŶŐ
ƐĞůĞĐƚŝǀĞůǇƌĞŵŽǀĞƐKϮĨƌŽŵƚŚĞĨůƵĞŐĂƐĞƐĂŶĚƌĞůĞĂƐĞƐĂŚŝŐŚͲƉƵƌŝƚǇKϮŽĨĨŐĂƐƐƚƌĞĂŵƵƉŽŶŚĞĂƚŝŶŐŝŶĂ
ƐƚƌŝƉƉĞƌ ĐŽůƵŵŶ ǁŚŝĐŚ ŝƐ ƐƵŝƚĂďůĞ ĨŽƌ ƐƚŽƌĂŐĞ ǁŝƚŚŽƵƚ ĂŶǇ ĨƵƌƚŚĞƌ ƚƌĞĂƚŵĞŶƚ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞ ĞŶĞƌŐǇ
ƌĞƋƵŝƌĞŵĞŶƚĨŽƌƐŽůǀĞŶƚƌĞŐĞŶĞƌĂƚŝŽŶŝƐǀĞƌǇŚŝŐŚŝŶƚŚĞƐĞƉƌŽĐĞƐƐĞƐ͘Ϯ͕ϯdŚĞƌĞĨŽƌĞ͕ƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨŶĞǁ
ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐ ǁŝƚŚ ŝŵƉƌŽǀĞĚ ĞŶĞƌŐǇ ĞĨĨŝĐŝĞŶĐǇ͕ ŝŶŶŽǀĂƚŝǀĞ ƉƌŽĐĞƐƐ ĚĞƐŝŐŶ͕ ĂŶĚ ƚĞĐŚŶŽůŽŐŝĐĂů
ŝŵƉƌŽǀĞŵĞŶƚƐ ĂƌĞ ŶĞĐĞƐƐĂƌǇ ŝŶ ŽƌĚĞƌ ƚŽ ƌĞĚƵĐĞ ƚŚĞ ŚŝŐŚ ĐĂƉŝƚĂů ĐŽƐƚ ĂŶĚ ĞŶĞƌŐǇ ƌĞƋƵŝƌĞŵĞŶƚƐ ĨŽƌ ƚŚĞ
ĐĂƉƚƵƌĞƉƌŽĐĞƐƐ͘ϰ͕ϱ
WƌŝŵĂƌǇ ĂŶĚ ƐĞĐŽŶĚĂƌǇ ĂŵŝŶĞƐ ĂƌĞ ŬŶŽǁŶ ĨŽƌ ƚŚĞŝƌ ĨĂƐƚ ƌĞĂĐƚŝŽŶ ƌĂƚĞƐ ĂŶĚŚŝŐŚ ŚĞĂƚ ŽĨ ƌĞĂĐƚŝŽŶ ĚƵĞ ƚŽ
ĨŽƌŵĂƚŝŽŶ ŽĨ ĐĂƌďĂŵĂƚĞƐ ǁŝƚŚ KϮ͘ϲ ŽŶƐĞƋƵĞŶƚůǇ ƚŚĞǇ ƌĞƋƵŝƌĞ ŚŝŐŚ ĞŶĞƌŐǇ ĨŽƌ ƚŚĞ ƌĞĂĐƚŝŽŶ ƌĞǀĞƌƐŝŽŶ͘
dĞƌƚŝĂƌǇĂŵŝŶĞƐ͕ŽŶƚŚĞŽƚŚĞƌŚĂŶĚ͕ŚĂǀĞůŽǁŚĞĂƚŽĨƌĞĂĐƚŝŽŶƐĚƵĞƚŽĨŽƌŵĂƚŝŽŶŽĨďŝĐĂƌďŽŶĂƚĞƐďǇďĂƐĞ
ĐĂƚĂůǇƐŝƐ ŽĨ KϮ ŚǇĚƌĂƚŝŽŶϳ ĂŶĚ ƌĞƋƵŝƌĞ ƌĞůĂƚŝǀĞůǇ ůŽǁ ĞŶĞƌŐǇ ĨŽƌ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ͘ dŚĞƐĞ ĂŵŝŶĞƐ




ƉŽƚĞŶƚŝĂů ƚŽ ƌĞĚƵĐĞ ƚŚĞ ĞŶĞƌŐǇ ƌĞƋƵŝƌĞŵĞŶƚƐ ĨŽƌ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ͘ dŚĞƐĞ ƐŽůǀĞŶƚƐ ĞŝƚŚĞƌ ĨŽƌŵ
ƉƌĞĐŝƉŝƚĂƚĞ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ƚŚĞ ůƐƚŽŵ ĐŚŝůůĞĚ ĂŵŵŽŶŝĂ ;WͿ ƉƌŽĐĞƐƐϭϬ Žƌ ĨŽƌŵ ƚǁŽ ůŝƋƵŝĚ ƉŚĂƐĞƐ͕ ĨŽƌ
ĞǆĂŵƉůĞ͕ ƚŚĞ DydD ƉƌŽĐĞƐƐϭϭ ĂŶĚ ƚŚĞƌŵŽŵŽƌƉŚŝĐ ďŝƉŚĂƐŝĐ ƐŽůǀĞŶƚƐ ;d^Ϳ ƐǇƐƚĞŵƐ͘ϭϮ dŚĞ d^ ƐŽůǀĞŶƚ
ƐǇƐƚĞŵƐ ƌĞůĞĂƐĞ ƚŚĞĂďƐŽƌďĞĚKϮ ŝŶ ƚŚĞĚĞƐŽƌďĞƌĂƚĂŵƵĐŚ ůŽǁĞƌ ƚĞŵƉĞƌĂƚƵƌĞŽĨϴϬŽŽƌĞǀĞŶďĞůŽǁ
ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞĐŽŶǀĞŶƚŝŽŶĂůĂƋƵĞŽƵƐĂůŬĂŶŽůĂŵŝŶĞƐŽůƵƚŝŽŶƐ͕ǁŚŝĐŚ ŝƐ ƚǇƉŝĐĂůůǇϭϮϬ Ž͘dŚĞǇ ĨŽƌŵƚǁŽ
ůŝƋƵŝĚƉŚĂƐĞƐĚƵƌŝŶŐƐŽůǀĞŶƚƌĞŐĞŶĞƌĂƚŝŽŶĂŶĚďĞĐŽŵĞŽŶĞƉŚĂƐĞĂŐĂŝŶĚƵƌŝŶŐĂďƐŽƌƉƚŝŽŶĂŶĚƌĞǀĞƌƚďĂĐŬ
ƚŽ ƚǁŽ ƉŚĂƐĞƐ ƵƉŽŶ ŚĞĂƚŝŶŐ ĂŶĚ ĂŐŝƚĂƚŝŶŐ ŝŶ ƚŚĞ ĚĞƐŽƌďĞƌ͘ϭϯͲϭϱ /Ŷ ƚŚĞ DydD ƉƌŽĐĞƐƐ ĚĞǀĞůŽƉĞĚ ďǇ /&W
ŶĞƌŐŝĞƐ ŶŽƵǀĞůůĞƐ͕ ŽŶ ƚŚĞ ŽƚŚĞƌ ŚĂŶĚ͕ ƚŚĞ ƐŝŶŐůĞ ƉŚĂƐĞ ƐŽůǀĞŶƚ ƐƉůŝƚƐ ŝŶƚŽ ƚǁŽ ůŝƋƵŝĚ ƉŚĂƐĞƐ ĂĨƚĞƌ KϮ










dǁŽ ĚŝĨĨĞƌĞŶƚ ĂŵŝŶĞƐ͕ ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů ;Ϳ  ĂŶĚ ϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ ;DWͿ͕ ĂƌĞ
ƵŶĚĞƌ ŝŶǀĞƐƚŝŐĂƚŝŽŶ ŝŶ ƚŚŝƐ ƐƚƵĚǇ͘  ŝƐ Ă ƚĞƌƚŝĂƌǇ ĂůŬĂŶŽůĂŵŝŶĞ ĂŶĚDW ŚĂƐ ƚǁŽ ĂŵŝŶĞ ĨƵŶĐƚŝŽŶĂů
ŐƌŽƵƉƐ͕ĂƉƌŝŵĂƌǇĂŶĚĂƐĞĐŽŶĚĂƌǇ͘DŽůĞĐƵůĂƌƐƚƌƵĐƚƵƌĞƐŽĨďŽƚŚĂŶĚDWĂƌĞƐŚŽǁŶŝŶ&ŝŐƵƌĞϮ͘ϭ͘
dŚĞƌĞĨŽƌĞ͕ǁĞ ĐĂŶĞǆƉůŽŝƚ ƚŚĞ ĨĂǀŽƌĂďůĞƉƌŽƉĞƌƚŝĞƐŽĨ ĂŵŝŶĞƐďǇďůĞŶĚŝŶŐĂŶĚDW͘dŚĞŝƌďůĞŶĚƐ
ŚĂǀĞĂŶĂĚĚŝƚŝŽŶĂů ĂĚǀĂŶƚĂŐĞŽĨŵĂŬŝŶŐ ůŝƋƵŝĚͲůŝƋƵŝĚ ƐƉůŝƚǁŚĞŶ ƌĞĂĐƚĞĚǁŝƚŚKϮ͘ WƌĞǀŝŽƵƐ ƐƚƵĚŝĞƐŚĂǀĞ
ƐŚŽǁŶ ƚŚĂƚ ƚŚĞ ƐŝŶŐůĞ ƉŚĂƐĞ ĂƋƵĞŽƵƐ ďůĞŶĚ ŽĨ ͲDW ƚƵƌŶƐ ŝŶƚŽ ƚǁŽ ůŝƋƵŝĚ ƉŚĂƐĞƐ ƵƉŽŶ KϮ
ĂďƐŽƌƉƚŝŽŶǁŝƚŚĂŶƵƉƉĞƌƉŚĂƐĞ ůĞĂŶ ŝŶKϮĂŶĚĂ ůŽǁĞƌƉŚĂƐĞ ƌŝĐŚ ŝŶKϮ͕ĂŶĚŽŶůǇ ƚŚĞKϮ ƌŝĐŚƉŚĂƐĞ








ƌĞŐĞŶĞƌĂƚŝŽŶ ƐƚĞƉ ŝŶ KϮ ĐĂƉƚƵƌĞ ƉƌŽĐĞƐƐĞƐ͘ /Ĩ ƚŚĞ ǁĂƚĞƌ ĂĐƚŝǀŝƚǇ ŝƐ ůŽǁ͕ ůĞƐƐ ǁĂƚĞƌ ǁŝůů ĞǀĂƉŽƌĂƚĞ ĂŶĚ
ĐŽŶƐĞƋƵĞŶƚůǇ ůĞƐƐĂŵŽƵŶƚŽĨĞŶĞƌŐǇǁŝůůďĞĐŽŶƐƵŵĞĚĚƵƌŝŶŐKϮĚĞƐŽƌƉƚŝŽŶ͘tĂƚĞƌĂĐƚŝǀŝƚǇĚĂƚĂĐĂŶďĞ
ǀĞƌǇ ĂĐĐƵƌĂƚĞůǇ ĐŽŵƉƵƚĞĚ ĨƌŽŵ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĞƉƌĞƐƐŝŽŶ ;&WͿ ĚĂƚĂ ďǇ ĐŽŶƐŝĚĞƌŝŶŐ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ
ĚĞƉĞŶĚĞŶƚĞƋƵŝůŝďƌŝƵŵĐŽŶƐƚĂŶƚ͕  + 2 O7. D ͕ĨŽƌƚŚĞƌĞĂĐƚŝŽŶŐŝǀĞŶŝŶƋƵĂƚŝŽŶϭ͘
    + 2  + 2V Oom       ;ϭͿ
dŚĞĞƋƵŝůŝďƌŝƵŵĐŽŶƐƚĂŶƚĂƐĂĨƵŶĐƚŝŽŶŽĨƚĞŵƉĞƌĂƚƵƌĞĐĂŶďĞĐĂůĐƵůĂƚĞĚĂƐĚĞƐĐƌŝďĞĚďǇdŚŽŵƐĞŶϭϴĨƌŽŵ
'ŝďďƐͲ,ĞůŵŚŽůƚǌĞƋƵĂƚŝŽŶ;ƋƵĂƚŝŽŶϮͿ͕ĐŚĂŶŐĞ ŝŶƐƚĂŶĚĂƌĚƐƚĂƚĞĞŶƚŚĂůƉǇǁŝƚŚƚĞŵƉĞƌĂƚƵƌĞ;ƋƵĂƚŝŽŶϯͿ
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ǁŚĞƌĞ͕ 74 с ϮϬϬ < ĂŶĚ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ƚĞŵƉĞƌĂƚƵƌĞ͕ R7 с Ϯϵϴ͘ϭϱ <͘ D' ͕ E' ͕ ĂŶĚ F'  ƌĞƉƌĞƐĞŶƚ ƚŚĞ
ĚŝĨĨĞƌĞŶĐĞ ŝŶǀĂůƵĞƐŽĨĐŽƌƌĞůĂƚŝŽŶƉĂƌĂŵĞƚĞƌƐĨŽƌƚŚĞƐǇƐƚĞŵĐŽŶƐŝĚĞƌĞĚ;ŝĐĞĂŶĚǁĂƚĞƌ ŝŶƚŚŝƐĐĂƐĞͿ͘dŚĞ
ƐƚĂŶĚĂƌĚƐƚĂƚĞĨŽƌŵĂƚŝŽŶƉƌŽƉĞƌƚŝĞƐĨŽƌǁĂƚĞƌĂŶĚŝĐĞ͕ĂŶĚĐŽƌƌĞůĂƚŝŽŶƉĂƌĂŵĞƚĞƌƐ; LD ͕ LE ͕ĂŶĚ LF ͿĨŽƌƚŚĞ
ŚĞĂƚ ĐĂƉĂĐŝƚǇ ŝŶ ƋƵĂƚŝŽŶ ϰ ŚĂǀĞ ďĞĞŶ ƌĞƉŽƌƚĞĚ ĞĂƌůŝĞƌ ďǇ dŚŽŵƐĞŶ Ğƚ Ăů͘ϭϵ ĂŶĚ &ŽƐďƆů Ğƚ Ăů͘ϮϬ ĂŶĚ ĂƌĞ
ƉƌĞƐĞŶƚĞĚŚĞƌĞ ŝŶ dĂďůĞϮ͘ϭ ;ůů ƚŚĞ ƚĂďůĞƐ ĂƌĞƉƌĞƐĞŶƚĞĚ ŝŶ ƚŚĞƉƉĞŶĚŝǆ Ăƚ ƚŚĞĞŶĚŽĨ ƚŚŝƐ ĐŚĂƉƚĞƌͿ͘
ƌĞǀŝƐĞĚǀĂůƵĞŽĨĂсϰϵ͘ϲϮϳ:͘;ŵŽů<ͿͲϭĨŽƌŝĐĞŝƐƐƵŐŐĞƐƚĞĚǁŚŝĐŚŚĂƐŶŽƚďĞĞŶƉƌĞǀŝŽƵƐůǇƉƵďůŝƐŚĞĚ͘
ŚĂŶŐĞƚĂů͘ϮϭƌĞƉŽƌƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚŵĞĂƐƵƌĞŵĞŶƚƐĨŽƌĂƋƵĞŽƵƐD;ŵĞƚŚǇůĚŝĞƚŚĂŶŽůĂŵŝŶĞͿ͘dŚĞĚĂƚĂ
ĂƌĞ ŶŽƚ ĐŽŶĐůƵƐŝǀĞ ďĞĐĂƵƐĞ ŝƚ ĚŝǀŝĚĞĚ ŝŶƚŽ ƚǁŽ ƐĞƌŝĞƐ ĨŽƌŵŝŶŐ Ă ĐƵƌǀĞ ƚŚĂƚ ƐĞƉĂƌĂƚĞƐ ŝŶƚŽ ƚǁŽďƌĂŶĐŚĞƐ͘
hƐŝŶŐ ƋƵĂƚŝŽŶ ϱ͕ &ŽƐďƆů Ğƚ Ăů͘ϮϮ ĚĞƚĞƌŵŝŶĞĚ ƚŚĞǁĂƚĞƌ ĂĐƚŝǀŝƚǇ ĨƌŽŵ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĂƚĂ ŽĨ ĂƋƵĞŽƵƐ
DďǇŚĂŶŐĞƚĂů͘ϮϭdŚĞǇƌĞƉŽƌƚĞĚĂĚŝĨĨĞƌĞŶĐĞŝŶǁĂƚĞƌĂĐƚŝǀŝƚǇƵƉƚŽϯ͘ϱйĚƵĞƚŽƵŶĐĞƌƚĂŝŶƚǇŝŶƚŚĞ




dŚĞ ŵĂŝŶ ĨŽĐƵƐ ŝŶ ƚŚŝƐ ǁŽƌŬ ŚĂƐ ďĞĞŶ ƚŽ ŵĞĂƐƵƌĞ ĂĐĐƵƌĂƚĞ &W ĨŽƌ ĂƋƵĞŽƵƐ ͕ DW͕ ĂŶĚ ƚŚĞŝƌ
ŵŝǆƚƵƌĞƐ ǁŝƚŚ ĂŶĚ ǁŝƚŚŽƵƚ KϮ ůŽĂĚŝŶŐ ďĞĐĂƵƐĞ ŶŽ ĚĂƚĂ ŚĂǀĞ ďĞĞŶ ĨŽƵŶĚ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ ĨŽƌ ƚŚĞƐĞ




ĐŽŶƚĂŝŶŝŶŐ ƚŚĞƐĞ ƐŽůǀĞŶƚƐ͘ dŚŝƐ ĐĂŶ ďĞ ĚŽŶĞďǇŵĞĂƐƵƌŝŶŐ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ŝŶ ƚŚĞ ďŝŶĂƌǇͲǁĂƚĞƌ ĂŶĚ
DWͲǁĂƚĞƌ ĂŶĚ ƚŚĞ ƚĞƌŶĂƌǇͲDWͲǁĂƚĞƌ ƐǇƐƚĞŵƐ͘ dŚĞ ŝŶƚĞƌĂĐƚŝŽŶďĞƚǁĞĞŶKϮĂŶĚ ƚŚĞ ƐŽůǀĞŶƚƐ
ĐĂŶďĞĚĞĚƵĐĞĚĨƌŽŵƚŚĞŵĞĂƐƵƌĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƐŝŶƚŚĞKϮůŽĂĚĞĚƐǇƐƚĞŵƐ͘
Ϯ͘ϮǆƉĞƌŝŵĞŶƚĂů^ĞĐƚŝŽŶ
 ;ƉĂůĞ ǇĞůůŽǁ ƚŽ ǇĞůůŽǁŝƐŚͲŽƌĂŶŐĞͿ ǁĂƐ ƉƵƌĐŚĂƐĞĚ ĨƌŽŵDĞƌĐŬǁŝƚŚ Ă ƉƵƌŝƚǇ ŽĨ х ϵϵ й ĂŶĚDW


















&ŝŐƵƌĞ Ϯ͘Ϯ͗ ǆƉĞƌŝŵĞŶƚĂů ƐĞƚƵƉ ĨŽƌŵĞĂƐƵƌŝŶŐ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ͘ ͕ dŚĞƌŵŽƐƚĂƚŝĐ ďĂƚŚǁŝƚŚ ĞƚŚĂŶŽů͖ ͕ ŽŽůŝŶŐ ũĂĐŬĞƚ͖ ͕ ^ĂŵƉůĞ





ǁĂƐŵĂŝŶƚĂŝŶĞĚ ŝŶ ƚŚĞĞƚŚĂŶŽůďĂƚŚ ;&ͿďǇ ƚŚĞĐŽŽůŝŶŐ ũĂĐŬĞƚ ;ͿǁŚŝĐŚ ŝƐ ĐŽŶŶĞĐƚĞĚ ƚŽ ƚŚĞ ƚŚĞƌŵŽƐƚĂƚŝĐ
ďĂƚŚ;ͿǁŝƚŚĞƚŚĂŶŽůĂƐƌĞĨƌŝŐĞƌĂŶƚ͘dĞŵƉĞƌĂƚƵƌĞŝŶƚŚĞƚŚĞƌŵŽƐƚĂƚŝĐĞƚŚĂŶŽůďĂƚŚ;ͿǁĂƐŬĞƉƚĂďŽƵƚϱƚŽ
ϭϱŽďĞůŽǁƚŚĞĞǆƉĞĐƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚŽĨƚŚĞƐŽůƵƚŝŽŶŝŶƚŚĞƐĂŵƉůĞŐůĂƐƐ;ͿŝŶŽƌĚĞƌƚŽƉƌŽǀŝĚĞŶĞĐĞƐƐĂƌǇ
ƚŚĞƌŵĂů ŐƌĂĚŝĞŶƚ ĨŽƌ ƚŚĞ ƐŽůƵƚŝŽŶ ƚŽ ĨƌĞĞǌĞ͘ dŚŝƐ ĚĞƉĞŶĚƐ ŽŶ ƚŚĞ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ ƚŚĞ ƐŽůƵƚŝŽŶ ŝ͘Ğ͘ ŚŝŐŚ
ƚĞŵƉĞƌĂƚƵƌĞ ĚŝĨĨĞƌĞŶĐĞ ĨŽƌ ƚŚĞ ƐŽůƵƚŝŽŶƐ ǁŝƚŚ ŚŝŐŚ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ĂŶĚ ǀŝĐĞ ǀĞƌƐĂ͘ dŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ŽĨ

















Ŷ ĞǆĂŵƉůĞ ŽĨ ƚŚĞ ĨƌĞĞǌŝŶŐ ƚĞŵƉĞƌĂƚƵƌĞ ƉƌŽĨŝůĞ ůŽŐŐĞĚ ĂƐ Ă ĨƵŶĐƚŝŽŶ ŽĨ ƚŝŵĞ ĨŽƌ ƚŚĞ ϭϱŵĂƐƐйDW







































ŝŶĐƌĞĂƐĞ ŝŶ ƚĞŵƉĞƌĂƚƵƌĞ ĂĨƚĞƌ Ϯϲϰ Ɛ ƌĞƉƌĞƐĞŶƚƐ ƚŚĞ ŚĞĂƚ ŽĨ ĐƌǇƐƚĂůůŝǌĂƚŝŽŶ ĂŶĚ Ă ƐůŝŐŚƚ ĚĞĐƌĞĂƐĞ ŝŶ
ƚĞŵƉĞƌĂƚƵƌĞĂĨƚĞƌƚŚĞƌĞŐŝƐƚĞƌĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƌĞƉƌĞƐĞŶƚƐĂƐůŝŐŚƚŝŶĐƌĞĂƐĞŝŶƚŚĞƐŽůƵƚŝŽŶĐŽŶĐĞŶƚƌĂƚŝŽŶ͘














ũĂĐŬĞƚ ƐƵƌƌŽƵŶĚŝŶŐ ƚŚĞ ƐĂŵƉůĞ ŐůĂƐƐ͘ dŚĞ ĨŝƌƐƚ ŵĞĂƐƵƌĞŵĞŶƚ ǁĂƐ ĐĂƌƌŝĞĚ ŽƵƚ ƚŽ ŝŶĚŝĐĂƚĞ ƚŚĞ ŽƌĚĞƌ ŽĨ
ŵĂŐŶŝƚƵĚĞŽĨ ƚŚĞ ĨƌĞĞǌŝŶŐƉŽŝŶƚ ĂŶĚ ƚŚĞŶĂ ĐŽŶƐƚĂŶƚ ƐƵď ĐŽŽůŝŶŐǁĂƐĂƉƉůŝĞĚ͘ dŚŝƐŵĞĂŶƐ ƚŚĂƚ ƐƉĞĞĚŽĨ
ĐŽŽůŝŶŐǁĂƐ ŚŝŐŚĞƌ ĨĂƌ ĂǁĂǇ ĨƌŽŵ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ͕ ďƵƚ ůŽǁ͕ ĐůŽƐĞ ƚŽ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ͘ dŚĞ ƐƉĞĞĚŽĨ
ĐŽŽůŝŶŐŝƐƚŚĞƌĞĨŽƌĞŶŽƚĐŽŶƐƚĂŶƚĚƵƌŝŶŐƚŚĞĞǆƉĞƌŝŵĞŶƚ͘/ƚŝƐŝŶƚŚĞŽƌĚĞƌŽĨϬ͘ϬϭƚŽϬ͘ϭŽ͘;ƐĞĐͿͲϭ͘





























ĚƵĞ ƚŽ ůŽǁĞƌ ĨƌĞĞǌŝŶŐ ƚĞŵƉĞƌĂƚƵƌĞƐĂŶĚƐƚŝƌƌŝŶŐ ƚŚĞƐĞ ƐŽůƵƚŝŽŶƐ ĨŽƌ ůŽŶŐ ƚŝŵĞƐƚƌĂƉƉĞĚŵŽƌĞĂŝƌďƵďďůĞƐ
ŝŶƚŽƚŚĞƐŽůƵƚŝŽŶƐĂƚůŽǁƚĞŵƉĞƌĂƚƵƌĞƐ͘dŚŝƐĨŽĂŵŝŶŐƚĞŶĚĞŶĐǇǁĂƐůŽǁŝŶƚŚĞĨŝƌƐƚĐŽƵƉůĞŽĨŵĞĂƐƵƌĞŵĞŶƚƐ
ĂŶĚŽďǀŝŽƵƐůǇŝƚŝŶĐƌĞĂƐĞĚǁŚĞŶƚŚĞƐŽůƵƚŝŽŶƐǁĞƌĞƐƚŝƌƌĞĚĨŽƌůŽŶŐƚŝŵĞ͘ĞĐĂƵƐĞŽĨƚŚŝƐĨŽƌŵĂƚŝŽŶŽĨĨŽĂŵ͕
ŝƚǁĂƐĚŝĨĨŝĐƵůƚ ƚŽĚŝƐƚŝŶŐƵŝƐŚďĞƚǁĞĞŶ ƚŚĞ ƚŝŶǇ ƚƌĂƉƉĞĚĂŝƌ ďƵďďůĞƐ ĂŶĚŵŝĐƌŽͲŝĐĞ ĐƌǇƐƚĂůƐ ŝŶ ƚŚĞ ƐŽůƵƚŝŽŶ
ĚƵƌŝŶŐ ĞǆƚĞƌŶĂů ŚĞĂƚŝŶŐ ŽĨ ƚŚĞ ŐůĂƐƐ ƐĂŵƉůĞ͘ ,ŽǁĞǀĞƌ͕ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ǁĞƌĞ ŵĞĂƐƵƌĞĚ ďǇ ĐĂƌĞĨƵůůǇ






























ƉŽƚĞŶƚŝŽŵĞƚƌŝĐ ƚŝƚƌĂƚŽƌdŝƚƌĂŶĚŽͲϴϬϵ ;DĞƚƌŽŚŵ'͕^ǁŝƚǌĞƌůĂŶĚͿ͘Ϯϱ͕ϮϲdŚĞ ůŽĂĚĞĚƐŽůƵƚŝŽŶƐĐŽŶƚĂŝŶŝŶŐKϮ
ǁĞƌĞ ĂŶĂůǇǌĞĚ ďǇ ƚŚĞ ďĂƌŝƵŵ ĐŚůŽƌŝĚĞ ;ĂůϮͿŵĞƚŚŽĚĚĞƐĐƌŝďĞĚ ŝŶ ĚĞƚĂŝůƐ ďǇDĂ͛ŵƵŶ Ğƚ Ăů͘ϮϳhƐŝŶŐ ƚŚŝƐ
ŝŶĨŽƌŵĂƚŝŽŶƚŚĞĂŵŝŶĞĐŽŶƚĞŶƚƐŝŶƚŚĞůŽĂĚĞĚƐŽůƵƚŝŽŶƐǁĞƌĞĚĞƚĞƌŵŝŶĞĚŽŶKϮĨƌĞĞďĂƐŝƐ͘dŚĞƌĞƐƵůƚƐŽĨ
ƵŶůŽĂĚĞĚ ĂŶĚ ůŽĂĚĞĚ ƐŽůƵƚŝŽŶƐ ŚĂƐ ƐŚŽǁŶ Ă ĚĞǀŝĂƚŝŽŶ ŽĨ ůĞƐƐ ƚŚĂŶ ц Ϭ͘ϴй͕ǁŚŝĐŚ ŝƐǁŝƚŚŝŶ ƚŚĞ ůŝŵŝƚ ŽĨ
ĞǆƉĞƌŝŵĞŶƚĂůĞƌƌŽƌ͘
&ƌĞĞǌŝŶŐƉŽŝŶƚŵĞĂƐƵƌĞŵĞŶƚƐǁĞƌĞĐĂƌƌŝĞĚŽƵƚĨŽƌƚŚĞďŝŶĂƌǇĂƋƵĞŽƵƐƐŽůƵƚŝŽŶƐ;ĐŽŶĐĞŶƚƌĂƚŝŽŶƌĂŶŐĞ
ŽĨϬ ƚŽϱϱŵĂƐƐƉĞƌĐĞŶƚͿĂŶĚĂƋƵĞŽƵƐDWƐŽůƵƚŝŽŶƐ ;ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞŽĨϬ ƚŽϯϮ͘ϱŵĂƐƐƉĞƌĐĞŶƚͿ͘
DĞĂƐƵƌĞŵĞŶƚƐŝŶƚŚĞƚĞƌŶĂƌǇĂƋƵĞŽƵƐͲDWƐŽůƵƚŝŽŶƐǁĞƌĞŵĂĚĞďǇĨŝƌƐƚƉƌĞƉĂƌŝŶŐďŝŶĂƌǇŵŝǆƚƵƌĞƐ
ŽĨĂŶĚDWǁŝƚŚ ĨŝǆĞĚŵŽůĂƌ ƌĂƚŝŽƐŽĨϱ͗ϭ͕ϯ͗ϭ͕ϭ͗ϭ͕ϭ͗ϯ͕ĂŶĚϭ͗ϱ ĨŽƌͬDW͘dŚĞƐĞŵŝǆƚƵƌĞƐ
ǁĞƌĞ ƚŚĞŶ ĚŝůƵƚĞĚǁŝƚŚǁĂƚĞƌ ƚŽ ƉƌĞƉĂƌĞ ƚŚĞ ƚĞƌŶĂƌǇ ĂƋƵĞŽƵƐͬDW ƐŽůƵƚŝŽŶƐ ŝŶ Ă ĐŽŶĐĞŶƚƌĂƚŝŽŶ
ƌĂŶŐĞŽĨϬƚŽϰϱŵĂƐƐƉĞƌĐĞŶƚŽĨƚŽƚĂůĂŵŝŶĞ͘&ŽƌƚŚĞKϮůŽĂĚĞĚƐŽůƵƚŝŽŶƐ͕ĨƌĞĞǌŝŶŐƉŽŝŶƚŵĞĂƐƵƌĞŵĞŶƚƐ
ǁĞƌĞ ĐĂƌƌŝĞĚ ŽƵƚ ĨŽƌ ĂƋƵĞŽƵƐ  ƐŽůƵƚŝŽŶƐ ;ϭϮ͕ ϮϬ͕ ϯϬ͕ ĂŶĚ ϯϯ ŵĂƐƐ ƉĞƌĐĞŶƚͿ ĂŶĚ ĂƋƵĞŽƵƐ DW
ƐŽůƵƚŝŽŶƐ;ϭϬ͕ϮϬ͕ĂŶĚϮϳŵĂƐƐƉĞƌĐĞŶƚͿ͘ƋƵĞŽƵƐƐŽůƵƚŝŽŶƐŽĨĂŶĚDWǁŝƚŚŬŶŽǁŶĐŽŵƉŽƐŝƚŝŽŶƐ
ǁĞƌĞĨŝƌƐƚĨƵůůǇůŽĂĚĞĚǁŝƚŚKϮĂŶĚƚŚĞŶĚŝůƵƚĞĚǁŝƚŚƚŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐƵŶůŽĂĚĞĚƐŽůƵƚŝŽŶƐƚŽŐĞƚĂƌĂŶŐĞ














































































































































/Ŷ ƚŚĞ ƚĞƌŶĂƌǇͲKϮͲ,ϮK ƐǇƐƚĞŵ͕ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ĨŝƌƐƚ ĚĞĐƌĞĂƐĞ ĂůŵŽƐƚ ůŝŶĞĂƌůǇ ƵƉ ƚŽ KϮ ůŽĂĚŝŶŐ ŽĨ
ĂƌŽƵŶĚ Ϭ͘ϲ ;ŵŽů KϮ͘;ŵŽůͿͲϭͿ ĂŶĚ ƚŚĞŶďĞĐŽŵĞ ĂůŵŽƐƚ ĐŽŶƐƚĂŶƚ ĂƐ ĐĂŶ ďĞ ƐĞĞŶ ŝŶ &ŝŐƵƌĞ Ϯ͘ϵ͘ dŚŝƐ
ĞĨĨĞĐƚ ŝƐŵŽƌĞƉƌŽŶŽƵŶĐĞĚĂƚŚŝŐŚĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ŝ͘Ğ͘ϯϬĂŶĚϯϯŵĂƐƐƉĞƌĐĞŶƚ͘KŶƚŚĞŽƚŚĞƌ





































ŝŶĐƌĞĂƐĞ͕ĂŶĚĂŐĂŝŶĚĞĐƌĞĂƐĞĂƐĂ ĨƵŶĐƚŝŽŶŽĨKϮ ůŽĂĚŝŶŐĂŶĚŐŝǀĞĂǁĂǀĞͲůŝŬĞĐƵƌǀĞĂƐ ƐŚŽǁŶ ŝŶ&ŝŐƵƌĞ
Ϯ͘ϭϬ͘dŚŝƐǁĂǀĞͲůŝŬĞďĞŚĂǀŝŽƌŝŶĐƌĞĂƐĞƐǁŝƚŚƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨDW͘dŚĞƌĞŝƐĂĐŚĂŶŐĞŝŶƉ,ǁŚĞŶƚŚĞ
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ǁŚĞƌĞ LE ŝƐƚŚĞŵŽůĂůŝƚǇŽĨĂŵŝŶĞ L ŝŶŵŽůĂŵŝŶĞ͘;ŬŐǁĂƚĞƌͿͲϭ͕ L7' ŝƐƚŚĞĐĂůĐƵůĂƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƐŝŶ<ĞůǀŝŶ
ĂŶĚ F ƚŽ F ĂƌĞƚŚĞƉĂƌĂŵĞƚĞƌƐƚŽďĞĨŝƚƚĞĚ͘ƋƵĂƚŝŽŶϲǁŝƚŚĨŽƵƌƉĂƌĂŵĞƚĞƌƐ͕ F ƚŽ F ͕ĂŶĚƋƵĂƚŝŽŶϳ











ĚƵĞ ƚŽ ƚŚĞ ƐŵĂůů ĚŝĨĨĞƌĞŶĐĞ ŝŶ ĐĂůĐƵůĂƚŝŽŶ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ĐŽŶĚŝƚŝŽŶƐ͘ dŚĞ ƐĞůĞĐƚĞĚ ĚĂƚĂ ƉŽŝŶƚƐ ĨŽƌ ƚŚĞ















































































ϭ͗ϯ͕ ĂŶĚϭ͗ϱ ĨŽƌͬDW͘ dŚĞƐĞŵŝǆƚƵƌĞƐǁĞƌĞĚŝůƵƚĞĚǁŝƚŚĚĞŝŽŶŝǌĞĚǁĂƚĞƌ ĂŶĚ ƚŚĞŵĞĂƐƵƌĞŵĞŶƚƐ
ǁĞƌĞƚĂŬĞŶŝŶĂĐŽŶĐĞŶƚƌĂƚŝŽŶƌĂŶŐĞŽĨϬƚŽϰϱŵĂƐƐƉĞƌĐĞŶƚŽĨƚŽƚĂůĂŵŝŶĞ͘ŵĞƚŚŽĚǁĂƐĚĞǀĞůŽƉĞĚĨŽƌ





dŚĞŵĞĂƐƵƌĞĚ ĨƌĞĞǌŝŶŐƉŽŝŶƚĚĂƚĂ ĨŽƌ ƚŚĞďŝŶĂƌǇ ĂƋƵĞŽƵƐĂŶĚDW ƐŽůƵƚŝŽŶƐ ĂƌĞ ĐŽŵƉĂƌĞĚǁŝƚŚ
D ĂŶĚD ĚĂƚĂ ĂǀĂŝůĂďůĞ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ͘ dŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ǀĂůƵĞƐ ŝŶĚŝĐĂƚĞ ƚŚĂƚ ƚŚĞ ͲǁĂƚĞƌ
ŝŶƚĞƌĂĐƚŝŽŶ ŝƐ ĂůŵŽƐƚ ƐŝŵŝůĂƌ ƚŽ ƚŚĂƚ ŽĨ DͲǁĂƚĞƌ ŝŶƚĞƌĂĐƚŝŽŶ͘ DW ŚĂƐ ƐŚŽǁŶ Ă ƐƚƌŽŶŐĞƌ ŶŽŶͲŝĚĞĂů
ďĞŚĂǀŝŽƌĐŽŵƉĂƌĞĚƚŽ͘ĐŽƌƌĞůĂƚŝŽŶĨŽƌƚŚĞĨƌĞĞǌŝŶŐƉŽŝŶƚƐĂƐĂĨƵŶĐƚŝŽŶŽĨƐŽůƵƚŝŽŶĐŽŵƉŽƐŝƚŝŽŶǁĂƐ



















































&͘ ŽƌƌĞůĂƚŝŽŶ ĂŶĚ WƌĞĚŝĐƚŝŽŶ ŽĨ sĂƉŽƌͲ>ŝƋƵŝĚͲ>ŝƋƵŝĚ ƋƵŝůŝďƌŝƵŵ ƵƐŝŶŐ ƚŚĞ ĞͲEZd>ŵŽĚĞů ĂƉƉůŝĞĚ ƚŽ ƚŚĞ
DWͲͲKϮͲtĂƚĞƌ^ǇƐƚĞŵ͘d^ͲϲdƌŽŶĚŚĞŝŵ͕ϮϬϭϭ͘















;ϮϰͿůĂƌŬĞ͕͘͘t͖͘'ůĞǁ͕͘E͘ǀĂůƵĂƚŝŽŶŽĨ ƚŚĞ ƚŚĞƌŵŽĚǇŶĂŵŝĐ ĨƵŶĐƚŝŽŶƐ ĨŽƌĂƋƵĞŽƵƐ ƐŽĚŝƵŵĐŚůŽƌŝĚĞ
ĨƌŽŵĞƋƵŝůŝďƌŝƵŵĂŶĚĐĂůŽƌŝŵĞƚƌŝĐŵĞĂƐƵƌĞŵĞŶƚƐďĞůŽǁϭϱϰŽ͘:͘WŚǇƐ͘ŚĞŵ͘ZĞĨ͘ĂƚĂϭϵϴϱ͕ϭϰ͕ϰϴϵͲϲϭϬ͘


















 RI *'  RI +'  LD  LE  LF 
 Ŭ:͘ŵŽůͲϭ Ŭ:͘ŵŽůͲϭ :͘;ŵŽů<ͿͲϭ :͘;ŵŽů<ϮͿͲϭ :͘ŵŽůͲϭ
tĂƚĞƌ ͲϮϯϳ͘ϭϮϵϮϬ ͲϮϴϱ͘ϴϯϮϬ ϱϴ͘ϯϳϬϭϵ Ϭ͘Ϭϯϴϵϲϭϵ ϱϮϯ͘ϴϴϭϵ

















































































ŵŝŶĞDŝǆƚƵƌĞ ŽŶĐĞŶƚƌĂƚŝŽŶ DWŽŶĐĞŶƚƌĂƚŝŽŶ &ƌĞĞǌŝŶŐWŽŝŶƚ ^ƚĂŶĚĂƌĚĞǀŝĂƚŝŽŶ
DŽůĂƌZĂƚŝŽ DĂƐƐWĞƌĐĞŶƚ DĂƐƐWĞƌĐĞŶƚ < <
ͬDW Ϯ͘ϭϵ Ϭ͘ϯϯ ϮϳϮ͘ϲϵ Ϭ͘ϬϬϰ
ϱ͗ϭ ϰ͘ϰϬ Ϭ͘ϲϲ ϮϳϮ͘Ϯϱ Ϭ͘ϬϬϰ
 ϴ͘ϳϱϬ ϭ͘ϯϭϴ Ϯϳϭ͘Ϯϱ Ϭ͘ϬϬϵ
 ϭϯ͘Ϭϰϰ ϭ͘ϵϲϱ ϮϳϬ͘Ϭϯ Ϭ͘Ϭϭ
 ϭϳ͘ϳϭϭ Ϯ͘ϲϲϴ Ϯϲϴ͘ϯϱ Ϭ͘ϬϮ
 Ϯϭ͘ϳϮϱ ϯ͘ϮϳϮ Ϯϲϲ͘ϱϲ Ϭ͘ϬϮ
 Ϯϲ͘Ϯϳϴ ϯ͘ϵϱϴ Ϯϲϯ͘ϵϳ Ϭ͘Ϭϱ
 ϯϬ͘ϰϰϱ ϰ͘ϱϴϱ Ϯϲϭ͘ϭϭ Ϭ͘Ϭϯ
 ϯϰ͘ϳϳϳ ϱ͘Ϯϯϴ Ϯϱϳ͘ϲϬ Ϭ͘Ϭϲ
 ϯϵ͘ϭϴϰ ϱ͘ϵϬϮ ϮϱϮ͘ϲϳ Ϭ͘Ϭϳ
ͬDW Ϯ͘ϬϮ Ϭ͘ϱϭ ϮϳϮ͘ϲϴ Ϭ͘ϬϬϳ
ϯ͗ϭ ϰ͘Ϭϲ ϭ͘ϬϮ ϮϳϮ͘ϮϮ Ϭ͘ϬϬϱ
 ϴ͘Ϭϭϭ Ϯ͘ϬϬϵ Ϯϳϭ͘Ϯϭ Ϭ͘ϬϬϴ
 ϭϮ͘Ϭϰϳ ϯ͘ϬϮϭ Ϯϲϵ͘ϵϯ Ϭ͘ϬϬϴ
 ϭϲ͘Ϭϳϭ ϰ͘Ϭϯϭ Ϯϲϴ͘Ϯϳ Ϭ͘Ϭϭ
 ϭϵ͘ϵϴϴ ϱ͘Ϭϭϯ Ϯϲϲ͘Ϯϯ Ϭ͘Ϭϯ
 Ϯϰ͘ϬϬϮ ϲ͘ϬϮϬ Ϯϲϯ͘ϰϯ Ϭ͘Ϭϰ
 Ϯϴ͘Ϭϰϵ ϳ͘Ϭϯϱ ϮϲϬ͘ϬϬ Ϭ͘Ϭϯ
 ϯϮ͘ϬϮϬ ϴ͘Ϭϯϭ Ϯϱϱ͘ϭϬ Ϭ͘Ϭϴ
ͬDW ϭ͘ϰϰ ϭ͘Ϭϴ ϮϳϮ͘ϲϯ Ϭ͘Ϭϭ
ϭ͗ϭ Ϯ͘ϴϲ Ϯ͘ϭϱ ϮϳϮ͘ϭϯ Ϭ͘ϬϬϯ
 ϱ͘ϳϮϮ ϰ͘ϯϬϴ Ϯϳϭ͘ϬϮ Ϭ͘Ϭϭ
 ϴ͘ϱϳϲ ϲ͘ϰϱϲ Ϯϲϵ͘ϱϴ Ϭ͘Ϭϭ
 ϭϭ͘ϰϭϲ ϴ͘ϱϵϰ Ϯϲϳ͘ϲϲ Ϭ͘ϬϬϱ
 ϭϰ͘ϮϳϮ ϭϬ͘ϳϰϰ Ϯϲϰ͘ϵϴ Ϭ͘ϬϮ
 ϭϳ͘ϭϯϮ ϭϮ͘ϴϵϳ Ϯϲϭ͘ϭϱ Ϭ͘Ϭϯ
 ϭϵ͘ϵϲϲ ϭϱ͘ϬϯϬ Ϯϱϱ͘ϲϳ Ϭ͘Ϭϰ
 Ϯϭ͘ϮϬϵ ϭϱ͘ϵϲϲ Ϯϱϯ͘ϭϮ Ϭ͘Ϭϲ
ͬDW Ϭ͘ϳϴ ϭ͘ϳϱ ϮϳϮ͘ϱϵ Ϭ͘ϬϬϱ
ϭ͗ϯ ϭ͘ϱϰ ϯ͘ϰϴ ϮϳϮ͘ϬϮ Ϭ͘ϬϬϴ
 ϯ͘Ϭϵϲ ϲ͘ϵϴϭ ϮϳϬ͘ϳϴ Ϭ͘ϬϬϴ
 ϰ͘ϲϭϱ ϭϬ͘ϰϬϵ Ϯϲϵ͘ϭϮ Ϭ͘Ϭϭ
 ϲ͘ϭϱϱ ϭϯ͘ϴϴϮ Ϯϲϲ͘ϴϬ Ϭ͘Ϭϭ
 ϳ͘ϲϴϱ ϭϳ͘ϯϯϮ Ϯϲϯ͘ϰϳ Ϭ͘Ϭϭ
 ϵ͘ϮϮϲ ϮϬ͘ϴϬϲ Ϯϱϴ͘Ϯϵ Ϭ͘Ϭϯ
 ϭϬ͘ϰϱϯ Ϯϯ͘ϱϳϰ Ϯϱϭ͘ϵϭ Ϭ͘Ϭϲ
ͬDW Ϭ͘ϱϰ Ϯ͘Ϭϭ ϮϳϮ͘ϱϳ Ϭ͘ϬϬϯ
ϭ͗ϱ ϭ͘Ϭϲ ϯ͘ϵϵ ϮϳϮ͘Ϭϯ Ϭ͘ϬϬϮ
 Ϯ͘ϭϬϴ ϳ͘ϵϮϬ ϮϳϬ͘ϲϵ Ϭ͘ϬϬϭ
 ϯ͘ϭϱϳ ϭϭ͘ϴϱϴ Ϯϲϴ͘ϵϱ Ϭ͘Ϭϭ
 ϰ͘ϮϬϱ ϭϱ͘ϳϵϱ Ϯϲϲ͘ϰϴ Ϭ͘ϬϮ
 ϱ͘ϮϲϮ ϭϵ͘ϳϲϳ ϮϲϮ͘ϴϭ Ϭ͘Ϭϭ
 ϲ͘ϯϬϰ Ϯϯ͘ϲϴϮ Ϯϱϳ͘ϯϯ Ϭ͘ϬϮ













^ŽůƵƚŝŽŶ KϮ>ŽĂĚŝŶŐ &ƌĞĞǌŝŶŐWŽŝŶƚ ^ƚĂŶĚĂƌĚĞǀŝĂƚŝŽŶ
DĂƐƐWĞƌĐĞŶƚ ŵŽůKϮ͘;ŵŽůͿͲϭ < <
ϭϮ͘ϬϬй Ϭ ϮϳϬ͘ϵϯ Ϭ͘Ϭϭ
 Ϭ͘ϬϱϬ ϮϳϬ͘ϳϴ Ϭ͘ϬϮ
 Ϭ͘ϭϭϬ ϮϳϬ͘ϲϱ Ϭ͘ϬϮ
 Ϭ͘ϮϮϭ ϮϳϬ͘ϰϲ Ϭ͘ϬϮ
 Ϭ͘ϯϯϰ ϮϳϬ͘ϯϬ Ϭ͘ϬϬϳ
 Ϭ͘ϰϰϳ ϮϳϬ͘ϭϯ Ϭ͘Ϭϭ
 Ϭ͘ϱϲϮ ϮϳϬ͘ϬϬ Ϭ͘Ϭϭ
 Ϭ͘ϲϳϴ Ϯϲϵ͘ϴϱ Ϭ͘ϬϮ
 Ϭ͘ϳϵϰ Ϯϲϵ͘ϲϵ Ϭ͘Ϭϭ
 Ϭ͘ϵϭϮ Ϯϲϵ͘ϱϮ Ϭ͘ϬϬϳ
 ϭ͘Ϭϰϯ Ϯϲϵ͘ϯϱ Ϭ͘ϬϬϱ
ϮϬ͘ϬϬй Ϭ Ϯϲϴ͘ϴϬ Ϭ͘ϬϮ
 Ϭ͘Ϭϰϴ Ϯϲϴ͘ϰϰ Ϭ͘ϬϮ
 Ϭ͘ϭϬϱ Ϯϲϴ͘ϭϭ Ϭ͘ϬϮ
 Ϭ͘Ϯϭϭ Ϯϲϳ͘ϱϳ Ϭ͘ϬϮ
 Ϭ͘ϯϭϵ Ϯϲϳ͘ϭϵ Ϭ͘Ϭϯ
 Ϭ͘ϰϮϵ Ϯϲϲ͘ϴϯ Ϭ͘Ϭϭ
 Ϭ͘ϱϰϭ Ϯϲϲ͘ϱϴ Ϭ͘Ϭϯ
 Ϭ͘ϲϱϰ Ϯϲϲ͘ϯϳ Ϭ͘Ϭϯ
 Ϭ͘ϳϲϵ Ϯϲϲ͘ϭϱ Ϭ͘Ϭϯ
 Ϭ͘ϴϴϳ Ϯϲϱ͘ϵϵ Ϭ͘ϬϮ
 ϭ͘Ϭϭϳ Ϯϲϱ͘ϳϴ Ϭ͘Ϭϯ
ϯϬ͘ϬϬй Ϭ Ϯϲϱ͘ϭϲ Ϭ͘Ϭϭ
 Ϭ͘Ϭϰϲ Ϯϲϰ͘ϭϵ Ϭ͘Ϭϯ
 Ϭ͘ϭϬϬ Ϯϲϯ͘Ϯϰ Ϭ͘ϬϮ
 Ϭ͘ϮϬϯ Ϯϲϭ͘ϲϰ Ϭ͘Ϭϱ
 Ϭ͘ϯϬϳ ϮϲϬ͘ϰϮ Ϭ͘ϬϮ
 Ϭ͘ϰϭϰ Ϯϱϵ͘ϱϰ Ϭ͘Ϭϰ
 Ϭ͘ϱϮϰ Ϯϱϵ͘Ϭϰ Ϭ͘Ϭϲ
 Ϭ͘ϲϯϳ Ϯϱϴ͘ϴϱ Ϭ͘Ϭϯ
 Ϭ͘ϳϱϭ Ϯϱϴ͘ϳϴ Ϭ͘Ϭϰ
 Ϭ͘ϴϲϵ Ϯϱϴ͘ϳϴ Ϭ͘Ϭϰ
 ϭ͘ϬϬϭ Ϯϱϴ͘ϲϰ Ϭ͘Ϭϰ
ϯϯ͘ϬϬй Ϭ Ϯϲϯ͘ϵϮ Ϭ͘ϬϮ
 Ϭ͘Ϭϰϱ ϮϲϮ͘ϲϲ Ϭ͘Ϭϱ
 Ϭ͘ϭϬϬ Ϯϲϭ͘Ϯϵ Ϭ͘ϬϮ
 Ϭ͘ϮϬϬ Ϯϱϵ͘ϭϵ Ϭ͘Ϭϯ
 Ϭ͘ϯϬϰ Ϯϱϳ͘ϱϬ Ϭ͘Ϭϱ
 Ϭ͘ϰϭϭ Ϯϱϲ͘ϭϭ Ϭ͘Ϭϱ
 Ϭ͘ϱϮϬ Ϯϱϱ͘ϯϱ Ϭ͘Ϭϰ
 Ϭ͘ϲϯϮ Ϯϱϱ͘ϭϮ Ϭ͘Ϭϱ
 Ϭ͘ϳϰϳ Ϯϱϱ͘ϰϮ Ϭ͘Ϭϴ
 Ϭ͘ϴϲϱ Ϯϱϱ͘ϲϮ Ϭ͘Ϭϰ











^ŽůƵƚŝŽŶ KϮ>ŽĂĚŝŶŐ &ƌĞĞǌŝŶŐWŽŝŶƚ ^ƚĂŶĚĂƌĚĞǀŝĂƚŝŽŶ
DĂƐƐWĞƌĐĞŶƚ ŵŽůKϮ͘;ŵŽůDWͿͲϭ ;<Ϳ ;<Ϳ
ϭϬ͘ϬϬйDW Ϭ ϮϳϬ͘ϱϭ Ϭ͘ϬϬϱ
 Ϭ͘ϬϳϮ ϮϳϬ͘ϯϴ Ϭ͘ϬϬϲ
 Ϭ͘ϭϱϳ ϮϳϬ͘Ϯϳ Ϭ͘ϬϮ
 Ϭ͘ϯϭϳ ϮϳϬ͘ϭϲ Ϭ͘Ϭϭ
 Ϭ͘ϰϳϴ ϮϳϬ͘ϭϲ Ϭ͘Ϭϭ
 Ϭ͘ϲϰϯ ϮϳϬ͘Ϯϲ Ϭ͘Ϭϭ
 Ϭ͘ϴϭϭ ϮϳϬ͘ϰϬ Ϭ͘Ϭϭ
 Ϭ͘ϵϴϬ ϮϳϬ͘ϱϳ Ϭ͘ϬϮ
 ϭ͘ϭϱϯ ϮϳϬ͘ϰϭ Ϭ͘ϬϬϴ
 ϭ͘ϯϮϴ ϮϳϬ͘Ϭϴ Ϭ͘Ϭϭ
 ϭ͘ϱϮϰ Ϯϲϵ͘ϳϴ Ϭ͘ϬϬϴ
ϮϬ͘ϬϬйDW Ϭ Ϯϲϱ͘ϱϮ Ϭ͘Ϭϰ
 Ϭ͘Ϭϲϯ Ϯϲϱ͘Ϯϯ Ϭ͘ϬϮ
 Ϭ͘ϭϯϳ Ϯϲϰ͘ϵϰ Ϭ͘ϬϮ
 Ϭ͘Ϯϳϴ Ϯϲϰ͘ϲϮ Ϭ͘Ϭϰ
 Ϭ͘ϰϮϯ Ϯϲϰ͘ϱϱ Ϭ͘Ϭϯ
 Ϭ͘ϱϳϮ Ϯϲϰ͘ϲϱ Ϭ͘Ϭϰ
 Ϭ͘ϳϮϰ Ϯϲϱ͘ϭϮ Ϭ͘ϬϮ
 Ϭ͘ϴϴϮ Ϯϲϱ͘ϳϴ Ϭ͘ϬϮ
 ϭ͘Ϭϰϰ Ϯϲϲ͘ϭϴ Ϭ͘Ϭϯ
 ϭ͘Ϯϭϭ Ϯϲϱ͘ϱϯ Ϭ͘ϬϮ
 ϭ͘ϯϭϵ Ϯϲϱ͘Ϭϵ Ϭ͘Ϭϯ
 ϭ͘ϯϵϵ Ϯϲϰ͘ϲϴ Ϭ͘ϬϬϴ
Ϯϳ͘ϬϬйDW Ϭ Ϯϱϴ͘ϴϳ Ϭ͘Ϭϳ
 Ϭ͘Ϭϱϳ Ϯϱϴ͘ϯϯ Ϭ͘Ϭϯ
 Ϭ͘ϭϮϲ Ϯϱϴ͘ϬϮ Ϭ͘Ϭϰ
 Ϭ͘Ϯϱϱ Ϯϱϳ͘ϳϯ Ϭ͘Ϭϰ
 Ϭ͘ϯϵϬ Ϯϱϳ͘ϴϲ Ϭ͘ϬϮ
 Ϭ͘ϱϮϴ Ϯϱϴ͘Ϯϱ Ϭ͘Ϭϳ
 Ϭ͘ϲϳϮ Ϯϱϴ͘ϵϭ Ϭ͘Ϭϱ
 Ϭ͘ϴϮϮ ϮϲϬ͘Ϭϳ Ϭ͘Ϭϱ
 Ϭ͘ϵϳϳ Ϯϲϭ͘ϭϰ Ϭ͘Ϭϰ
 ϭ͘Ϭϵϯ ϮϲϬ͘ϲϳ Ϭ͘Ϭϲ
 ϭ͘ϭϵϴ Ϯϱϵ͘ϴϲ Ϭ͘Ϭϱ









































ŽĨĨŐĂƐ ƐƚƌĞĂŵ ƵƉŽŶ ŚĞĂƚŝŶŐ ŝŶ Ă ƐƚƌŝƉƉĞƌ ǁŚŝĐŚ ŝƐ ƐƵŝƚĂďůĞ ĨŽƌ ƐƚŽƌĂŐĞ ǁŝƚŚŽƵƚ ĂŶǇ ĨƵƌƚŚĞƌ ƚƌĞĂƚŵĞŶƚ͘
,ŽǁĞǀĞƌ͕ ŝƚ ŝƐ ǁĞůůͲŬŶŽǁŶ ƚŚĂƚ ƚŚĞƐĞ ƉƌŽĐĞƐƐĞƐ ĂƌĞ ĞŶĞƌŐǇ ŝŶƚĞŶƐŝǀĞ͘Ϯ͕ϯ /ŶŶŽǀĂƚŝǀĞ ƉƌŽĐĞƐƐ ĚĞƐŝŐŶ ĂŶĚ
ƚĞĐŚŶŽůŽŐŝĐĂů ŝŵƉƌŽǀĞŵĞŶƚƐ ĂƌĞ ŶĞĐĞƐƐĂƌǇ ŝŶ ŽƌĚĞƌ ƚŽ ƌĞĚƵĐĞ ƚŚĞ ŚŝŐŚ ĐĂƉŝƚĂů ĐŽƐƚ ĂŶĚ ĞŶĞƌŐǇ
ƌĞƋƵŝƌĞŵĞŶƚƐĨŽƌƚŚĞĐĂƉƚƵƌĞƉƌŽĐĞƐƐĞƐ͘ϰĞƐŝĚĞƐƚŚŝƐ͕ ŝƚ ŝƐĂůƐŽĞƐƐĞŶƚŝĂůƚŽĚĞǀĞůŽƉƐŽůǀĞŶƚƐǇƐƚĞŵƐǁŝƚŚ
ŝŵƉƌŽǀĞĚĞŶĞƌŐǇĞĨĨŝĐŝĞŶĐǇǁŚŝůĞƌĞƚĂŝŶŝŶŐƚŚĞĚĞƐŝƌĂďůĞƉƌŽƉĞƌƚŝĞƐŽĨĨĂƐƚƌĞĂĐƚŝŽŶƌĂƚĞ͕ŚŝŐŚůŽĂĚŝŶŐ͕ĂŶĚ
ĐǇĐůŝĐ ĐĂƉĂĐŝƚŝĞƐ͕ ůŽǁ ƐŽůǀĞŶƚ ĚĞŐƌĂĚĂƚŝŽŶ͕ ůŽǁ ĐŽƌƌŽƐŝǀĞŶĞƐƐ͕ ĂŶĚ ďĞŝŶŐ ĞŶǀŝƌŽŶŵĞŶƚĂů ĨƌŝĞŶĚůǇ͕ ĞƚĐ͘ &Žƌ




ŽĨ ƌĞĂĐƚŝŽŶ ĂŶĚ ĨĂƐƚ ƌĞĂĐƚŝŽŶ ƌĂƚĞƐ͘ϲ ŽŶƐĞƋƵĞŶƚůǇ͕ ŚŝŐŚ ĞŶĞƌŐǇ ŝƐ ƌĞƋƵŝƌĞĚ ĨŽƌ ƚŚĞ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ͘
dĞƌƚŝĂƌǇĂŵŝŶĞƐ͕ŽŶƚŚĞŽƚŚĞƌŚĂŶĚ͕ĨŽƌŵďŝĐĂƌďŽŶĂƚĞƐĚƵĞƚŽďĂƐĞĐĂƚĂůǇƐŝƐŽĨKϮŚǇĚƌĂƚŝŽŶ͘ϳdŚĞǇŚĂǀĞ





ZĞĐĞŶƚůǇ͕ Ă ŶĞǁ ĐůĂƐƐ ŽĨŵŝǆĞĚ ĂŵŝŶĞ ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐ ŝƐ ĞŵĞƌŐŝŶŐ͕ ǁŚŝĐŚŵĂǇ ďĞ ĐĂůůĞĚ ƉŚĂƐĞ ĐŚĂŶŐĞ
ƐŽůǀĞŶƚƐ͘ dŚĞǇ ŚĂǀĞ ƐŚŽǁŶ Ă ƉŽƚĞŶƚŝĂů ƚŽ ƌĞĚƵĐĞ ƚŚĞ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ ĞŶĞƌŐǇ͘ dŚĞƐĞ ƉŚĂƐĞ ĐŚĂŶŐĞ
ƐŽůǀĞŶƚƐĞŝƚŚĞƌĨŽƌŵƉƌĞĐŝƉŝƚĂƚĞƐŽŶKϮĂďƐŽƌƉƚŝŽŶƐƵĐŚĂƐƚŚĞůƐƚŽŵĐŚŝůůĞĚĂŵŵŽŶŝĂƉƌŽĐĞƐƐ;WͿϭϮŽƌ
ŵĂŬĞĂůŝƋƵŝĚͲůŝƋƵŝĚƐƉůŝƚĞ͘Ő͕͘ƚŚĞDydDƉƌŽĐĞƐƐϭϯ͕ϭϰĂŶĚdŚĞƌŵŽŵŽƌƉŚŝĐŝƉŚĂƐŝĐ^ŽůǀĞŶƚƐ;d^ͿƐǇƐƚĞŵƐ͘ϭϱ
dŚĞd^ƐǇƐƚĞŵƐ͕ĂĨƚĞƌKϮĂďƐŽƌƉƚŝŽŶ͕ ƌĞŐĞŶĞƌĂƚĞĂƚ ƌĞůĂƚŝǀĞůǇ ůŽǁĞƌƚĞŵƉĞƌĂƚƵƌĞŽĨϴϬŽĐŽŵƉĂƌĞĚƚŽ











KϮ ƌŝĐŚ ƉŚĂƐĞ ŐŽĞƐ ƚŽ ƚŚĞ ƐƚƌŝƉƉĞƌ ĨŽƌ ƚŚĞƌŵĂů ƌĞŐĞŶĞƌĂƚŝŽŶ͘ dŚĞƌĞĨŽƌĞ͕ ƚŚĞ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶ ĨŽƌ
ƐŽůǀĞŶƚƌĞŐĞŶĞƌĂƚŝŽŶĐĂŶďĞůŽǁĞƌĞĚĚƵĞƚŽƌĞĚƵĐĞĚĨůŽǁƌĂƚĞŽĨƚŚĞůŝƋƵŝĚŝŶƚŚĞƐƚƌŝƉƉĞƌ͘ϭϯ
/Ŷ ƚŚĞ ƉƌĞƐĞŶƚ ǁŽƌŬ͕ ǁĞ ĂƌĞ ŝŶǀĞƐƚŝŐĂƚŝŶŐ Ă ƐŽůǀĞŶƚ ƐǇƐƚĞŵ ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƚǁŽ ĚŝĨĨĞƌĞŶƚ ĂŵŝŶĞƐ͕ ϮͲ
;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů ;Ϳ ĂŶĚϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ ;DWͿ͘ ŝƐĂ ƚĞƌƚŝĂƌǇĂůŬĂŶŽůĂŵŝŶĞ
ĂŶĚDWŚĂƐƚǁŽĂŵŝŶĞĨƵŶĐƚŝŽŶĂůŐƌŽƵƉƐ͕ĂƉƌŝŵĂƌǇĂŶĚĂƐĞĐŽŶĚĂƌǇ;ƐĞĞ&ŝŐƵƌĞϯ͘ϭͿ͘dŚĞƌĞĨŽƌĞ͕ǁĞĐĂŶ
ĞǆƉůŽŝƚƚŚĞĨĂǀŽƌĂďůĞƉƌŽƉĞƌƚŝĞƐŽĨĂŵŝŶĞƐďǇďůĞŶĚŝŶŐĂŶĚDW͘dŚĞŝƌŵŝǆƚƵƌĞƐŚĂǀĞĂŶĂĚĚŝƚŝŽŶĂů








ĞŶĞƌŐǇ ƌĞƋƵŝƌĞŵĞŶƚƐ ĨŽƌ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ ŝŶ ƚŚĞ ĐĂƉƚƵƌĞ ƉƌŽĐĞƐƐ ĂƌĞ ĚŝƌĞĐƚůǇ ƌĞůĂƚĞĚ ƚŽ ŝƚ͘ dŚĞ
ŵĂŐŶŝƚƵĚĞ ŽĨ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŐŝǀĞƐ Ă ĚŝƌĞĐƚ ŵĞĂƐƵƌĞ ŽĨ ŚĞĂƚ ƌĞƋƵŝƌĞŵĞŶƚƐ ŝŶ ƚŚĞ ƐƚƌŝƉƉĞƌ͘ϮϬ
ǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŝŶƚŚĞůŝƚĞƌĂƚƵƌĞϮϭͲϮϱŚĂǀĞƐŚŽǁŶĂĚŝĨĨĞƌĞŶĐĞŽĨĂďŽƵƚϮϱͲϯϬйďĞƚǁĞĞŶƚŚĞĞŶƚŚĂůƉǇŽĨ
ĂďƐŽƌƉƚŝŽŶ Ăƚ ϰϬ Ž ;ĂďƐŽƌƉƚŝŽŶ ĐŽŶĚŝƚŝŽŶͿ ĂŶĚ ϭϮϬ Ž ;ĚĞƐŽƌƉƚŝŽŶ ĐŽŶĚŝƚŝŽŶͿ͘ dŚĞƌĞĨŽƌĞ͕ ƚŚĞ ĞĨĨĞĐƚ ŽĨ
ƚĞŵƉĞƌĂƚƵƌĞ ŽŶ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŝƐ ĂŶ ŝŵƉŽƌƚĂŶƚ ƉĂƌĂŵĞƚĞƌ ƚŽ ďĞ ĚĞƚĞƌŵŝŶĞĚ͕ ǁŚŝĐŚ ŝƐ ŐĞŶĞƌĂůůǇ
ŝŐŶŽƌĞĚ͕ĂŶĚĂĐŽŶƐƚĂŶƚǀĂůƵĞŽĨĞŶƚŚĂůƉǇŽĨĂďƐŽƌƉƚŝŽŶŝƐĂƐƐƵŵĞĚďŽƚŚĨŽƌƚŚĞĂďƐŽƌƉƚŝŽŶĂŶĚĚĞƐŽƌƉƚŝŽŶ
ĐŽŶĚŝƚŝŽŶƐ͘ϭ ŝƌĞĐƚ ĐĂůŽƌŝŵĞƚƌŝĐ ŵĞĂƐƵƌĞŵĞŶƚƐ ŐŝǀĞ ĂĐĐƵƌĂƚĞ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ǀĂůƵĞƐ͕ ƌĞĨůĞĐƚŝŶŐ ƚŚĞ
ĐŽŵďŝŶĞĚĞĨĨĞĐƚŽĨŚĞĂƚĚƵĞƚŽƚŚĞƌĞĂĐƚŝŽŶďĞƚǁĞĞŶƐŽůǀĞŶƚĂŶĚKϮ͕ĂŶĚƚŚĞƉŚǇƐŝĐĂůĚŝƐƐŽůƵƚŝŽŶŽĨŐĂƐŝŶ





ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞǁŚĞƌĞ ƚŚĞ ůŝƋƵŝĚͲůŝƋƵŝĚ ƉŚĂƐĞ ƐƉůŝƚ ŽĐĐƵƌƐ͘ dŚĞƌĞĨŽƌĞ͕ ĂŶ ŝŵƉŽƌƚĂŶƚŽďũĞĐƚŝǀĞ ŝŶ ƚŚŝƐ
ǁŽƌŬ ŝƐ ƚŽ ŵĞĂƐƵƌĞ ƚŚĞ ĚĂƚĂ ĨŽƌ ƚŚĞ ĂƋƵĞŽƵƐ ĂŵŝŶĞ ŵŝǆƚƵƌĞƐ ŽĨ ͲDW ǁŝƚŚŝŶ ƚŚĞ ƚĂƌŐĞƚ
ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞǁŚĞƌĞ ƚŚĞ ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐŐŝǀĞ ƚǁŽ ůŝƋƵŝĚƉŚĂƐĞƐ͘dŚĞĞǆƉĞƌŝŵĞŶƚĂůŵĞĂƐƵƌĞŵĞŶƚƐ











ŵĞŵďĞƌ ŽĨ dŚĞ >ŝŶĚĞ 'ƌŽƵƉ͕ >ŝŶĚĞ 'Ϳ ǁŝƚŚ ƉƵƌŝƚǇ ш ϵϵ͘ϵϵ й͘ dŚĞ ĂŵŝŶĞ ƐŽůƵƚŝŽŶƐ ǁĞƌĞ ŵĂĚĞ ǁŝƚŚ
ĚĞŝŽŶŝǌĞĚ ǁĂƚĞƌ ƵƐŝŶŐ ĂŶ ĂŶĂůǇƚŝĐĂů ďĂůĂŶĐĞ͘ ůů ĐŚĞŵŝĐĂůƐ ǁĞƌĞ ƵƐĞĚ ĂƐ ƌĞĐĞŝǀĞĚ ǁŝƚŚ ŶŽ ĨƵƌƚŚĞƌ
ƉƵƌŝĨŝĐĂƚŝŽŶ͘
dŚĞ ĂŵŝŶĞ ƐǇƐƚĞŵƐ ƐƚƵĚŝĞĚ ŝŶ ƚŚŝƐ ǁŽƌŬǁŝƚŚ ĞǆƉĞƌŝŵĞŶƚĂů ĐŽŶĚŝƚŝŽŶƐ ŽĨ ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚ ƉƌĞƐƐƵƌĞ ĂƌĞ
ůŝƐƚĞĚ ŝŶ dĂďůĞ ϯ͘ϭ ;ůů ƚŚĞ ƚĂďůĞƐ ĂƌĞ ƉƌĞƐĞŶƚĞĚ ŝŶ ƚŚĞ ƉƉĞŶĚŝǆ Ăƚ ƚŚĞ ĞŶĚ ŽĨ ƚŚŝƐ ĐŚĂƉƚĞƌͿ͘ dŚĞ
ĞǆƉĞƌŝŵĞŶƚĂů ƐĞƚƵƉ ŝƐ ŐŝǀĞŶ ƐĐŚĞŵĂƚŝĐĂůůǇ ŝŶ &ŝŐƵƌĞ ϯ͘Ϯ͘ dŚĞ ĚĞƚĂŝůƐ ŽĨ ƌĞĂĐƚŝŽŶ ĐĂůŽƌŝŵĞƚĞƌ͕ ǁŽƌŬŝŶŐ








































ĞĨŽƌĞ ƐƚĂƌƚŝŶŐ ƚŚĞĞǆƉĞƌŝŵĞŶƚ͕ ƚŚĞ ƌĞĂĐƚŽƌǁĂƐĞǀĂĐƵĂƚĞĚ ƚŽĂƉƌĞƐƐƵƌĞďĞƚǁĞĞŶϰϬͲϱϬŵďĂƌ ĂŶĚ ƚŚĞŶ
ĨŝůůĞĚǁŝƚŚKϮƚŽĂƉƌĞƐƐƵƌĞŽĨΕϯďĂƌĂŶĚƚŚĞŶĞǀĂĐƵĂƚĞĚĂŐĂŝŶ͘dŚŝƐKϮĨůƵƐŚŝŶŐǁĂƐĚŽŶĞŝŶŽƌĚĞƌƚŽ
ĞŶƐƵƌĞƚŚĞĐŽŵƉůĞƚĞƌĞŵŽǀĂůŽĨĂŶǇŝŶĞƌƚŐĂƐƉƌĞƐĞŶƚŝŶƚŚĞƌĞĂĐƚŽƌ͘ĨƚĞƌĞǀĂĐƵĂƚŝŽŶĂďŽƵƚϭϮϬϬͲϭϱϬϬĐŵϯ
ŽĨ ĂŵŝŶĞ ƐŽůƵƚŝŽŶ ǁĂƐ ĨĞĚ ŝŶƚŽ ƚŚĞ ƌĞĂĐƚŽƌ ĨƌŽŵ ĂŶ ĂŵŝŶĞ ƐŽůƵƚŝŽŶ ĨĞĞĚ ďŽƚƚůĞ͘ dŚĞ ƐŽůƵƚŝŽŶ ǁĂƐ ƚŚĞŶ
ŚĞĂƚĞĚĂƚĂƉƌĞƐĞƚƚĞŵƉĞƌĂƚƵƌĞĂŶĚƚŚĞƐǇƐƚĞŵǁĂƐĂůůŽǁĞĚƚŽƌĞĂĐŚƚŚĞĞƋƵŝůŝďƌŝƵŵ͘tŚĞŶƚŚĞĐŚĂŶŐĞŝŶ








ũĂĐŬĞƚŽĨƚŚĞƌĞĂĐƚŽƌĂŶĚƚŚĞƌĞĂĐƚŝŽŶƐǇƐƚĞŵŝŶƐŝĚĞƚŚĞƌĞĂĐƚŽƌŝ͘Ğ͘ MDFNHW MDFNHWLQ RXW7 7 7 FRQVWDQW'    ͘KŶĐĞ
ƚŚĞĞƋƵŝůŝďƌŝƵŵŝƐĞŶƐƵƌĞĚ͕ĂďŽƵƚϬ͘ϭͲϬ͘ϯŵŽůŽĨKϮǁĂƐŝŶũĞĐƚĞĚŝŶƚŽƚŚĞƌĞĂĐƚŽƌǀŝĂĂƉƌĞĐĂůŝďƌĂƚĞĚŵĂƐƐ
ĨůŽǁĐŽŶƚƌŽůůĞƌ ĨƌŽŵKϮ ƐƚŽƌĂŐĞĐǇůŝŶĚĞƌƐďǇŵŽŶŝƚŽƌŝŶŐ ƚŚĞŝƌƉƌĞƐƐƵƌĞĚŝĨĨĞƌĞŶĐĞ͘ dŚĞ ŝŶũĞĐƚĞĚKϮ ŐŽƚ
ĂďƐŽƌďĞĚ ŝŶ ƚŚĞ ĂŵŝŶĞ ƐŽůƵƚŝŽŶ ĂŶĚ ƉƌŽĚƵĐĞĚ ŚĞĂƚ͘ dŚĞ ƚŚĞƌŵŽƐƚĂƚŵĞĚŝƵŵ ;ƌĞĂĐƚŽƌ ũĂĐŬĞƚͿ ĂĚĚĞĚ Žƌ
ƌĞŵŽǀĞĚ ŚĞĂƚ ĨƌŽŵ ƚŚĞ ƐǇƐƚĞŵ ƚŽ ŬĞĞƉ ƚŚĞ ŝƐŽƚŚĞƌŵĂů ĐŽŶĚŝƚŝŽŶƐ ŝŶ ƚŚĞ ƌĞĂĐƚŽƌ͘ ůů ƚŚĞ ŽƉĞƌĂƚŝŶŐ
ƉĂƌĂŵĞƚĞƌƐǁĞƌĞ ůŽŐŐĞĚĂŐĂŝŶƐƚ ƚŝŵĞ͘dŚĞƐǇƐƚĞŵƚŽŽŬĂďŽƵƚϲϬͲϵϬŵŝŶ ;ǁŝƚŚƐŽŵĞĞǆĐĞƉƚŝŽŶƐǁŚĞƌĞ ŝƚ
ƚŽŽŬŵŽƌĞƚŝŵĞͿƚŽƌĞĂĐŚƚŚĞŶĞǁĞƋƵŝůŝďƌŝƵŵĂŶĚƚŚĞƌĞĂĐƚŽƌǁĂƐĨĞĚĂŐĂŝŶǁŝƚŚKϮĨŽƌĂŶŽƚŚĞƌĐǇĐůĞ͘
dŚĞ ƌĞĂĐƚŽƌǁĂƐ ĐŽŶƚŝŶƵŽƵƐůǇ ĨĞĚǁŝƚŚKϮƵŶƚŝů ŶŽŵŽƌĞŐĂƐ ĐŽƵůĚĞŶƚĞƌ ŝŶ ŝƚ Ăƚ ĂƉƌĞƐĞƚƉƌĞƐƐƵƌĞ ;ƚŚĞ
ĂďƐŽƌƉƚŝŽŶ ƌĂƚĞ ŶĞĂƌůǇ ďĞĐĂŵĞ ǌĞƌŽͿ͘ dŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚ ƉƌĞƐƐƵƌĞ ŽĨ ƚŚĞ ƌĞĂĐƚŽƌ ĂŶĚ KϮ ƐƚŽƌĂŐĞ
ĐǇůŝŶĚĞƌƐǁĞƌĞƌĞĐŽƌĚĞĚďĞĨŽƌĞĂŶĚĂĨƚĞƌĞǀĞƌǇKϮĨĞĞĚŝŶŐĐǇĐůĞ͘dŚĞĂŵŽƵŶƚŽĨKϮĂĚĚĞĚƚŽƚŚĞƌĞĂĐƚŽƌ
ŝŶ ĞĂĐŚ ĨĞĞĚŝŶŐ ĐǇĐůĞ ǁĂƐ ĐĂůĐƵůĂƚĞĚ ĨƌŽŵ ƚŚĞ WĞŶŐͲZŽďŝŶƐŽŶ ĞƋƵĂƚŝŽŶ ŽĨ ƐƚĂƚĞ ďǇ ƵƐŝŶŐ ƚŚĞ ĚĂƚĂ ŽĨ
ƉƌĞƐƐƵƌĞĚŝĨĨĞƌĞŶĐĞŝŶƚŚĞKϮƐƚŽƌĂŐĞĐǇůŝŶĚĞƌƐ;ƌĞĐŽƌĚĞĚĞĂƌůŝĞƌͿ͘dŚĞŚĞĂƚƌĞůĞĂƐĞĚŝŶĞĂĐŚĨĞĞĚŝŶŐĐǇĐůĞ
ǁĂƐĚĞƚĞƌŵŝŶĞĚďǇŝŶƚĞŐƌĂƚŝŽŶŽĨƚŚĞŚĞĂƚĨůƵǆĐƵƌǀĞ͘&ŝŶĂůůǇ͕ƚŚĞƌĂƚŝŽŽĨŚĞĂƚƌĞůĞĂƐĞĚŝŶĂŐŝǀĞŶĨĞĞĚŝŶŐ





ĂŵĂǆŝŵƵŵĨŝŶĂů ƚŽƚĂůƉƌĞƐƐƵƌĞ ;ĂŵŝŶĞнǁĂƚĞƌǀĂƉŽƌƐнKϮͿŽĨϲďĂƌĚƵƌŝŶŐ ƚŚĞ ůĂƐƚ ĨĞĞĚŝŶŐ ;KϮ ĨĞĞĚ
ƉƌĞƐƐƵƌĞͿ͘ /Ŷ ĐĂůĐƵůĂƚŝŽŶƐ͕ ŝƚ ŝƐ ĂƐƐƵŵĞĚ ƚŚĂƚ ƚŚĞ ŝŶŝƚŝĂů ƚŽƚĂů ƉƌĞƐƐƵƌĞ ;ĂŵŝŶĞ н ǁĂƚĞƌ ǀĂƉŽƌƐͿ ƌĞŵĂŝŶƐ
ĐŽŶƐƚĂŶƚ͘ WƌĞǀŝŽƵƐǁŽƌŬ ďǇ <ŝŵ ĂŶĚ ^ǀĞŶĚƐĞŶϮϯ ĨŽƵŶĚ ŶŽ ĞĨĨĞĐƚ ŽĨ KϮ ĨĞĞĚ ƉƌĞƐƐƵƌĞǁŚŝůĞ ƉĞƌĨŽƌŵŝŶŐ
ĞǆƉĞƌŝŵĞŶƚƐ ĂƚĚŝĨĨĞƌĞŶƚ ĨĞĞĚƉƌĞƐƐƵƌĞƐŽĨϯ ĂŶĚϭϬďĂƌ͘,ŽǁĞǀĞƌ͕ ŚŝŐŚĞƌ ůŽĂĚŝŶŐƐ ĐŽƵůĚďĞĂĐŚŝĞǀĞĚĂƚ
ǀĞƌǇŚŝŐŚKϮĨĞĞĚƉƌĞƐƐƵƌĞƐ͘dŚĞKϮǁĂƐŝŶũĞĐƚĞĚŝŶƚŚĞƌĞĂĐƚŽƌŝŶƐĞǀĞƌĂůƐŵĂůůƐƚĞƉƐďǇŬĞĞƉŝŶŐĂůŽǁ
ůŽĂĚŝŶŐ ƐƉĂŶ ;ĂďŽƵƚϬ͘ϬϭϱͲϬ͘ϬϳŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭͿǁŚŝĐŚŐŝǀĞƐĚŝĨĨĞƌĞŶƚŝĂůŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶǀĂůƵĞƐ
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ƌĞĨĞƌĞŶĐĞ ĐĂƐĞ ƚŽ ĐŽŵƉĂƌĞ ǁŝƚŚ ƚŚĞ ƐǇƐƚĞŵƐ ƐƚƵĚŝĞĚ ŝŶ ƚŚŝƐ ǁŽƌŬ͘ dŚĞ ƌĞƐƵůƚƐ ĨŽƌ ϯϬ ŵĂƐƐ й D Ăƚ






















































































ůŽĂĚŝŶŐŽĨϬ͘ϯϱŵŽůKϮ͘;ŵŽůͿͲϭ͘dŚĞƌĞƉĞĂƚĂďŝůŝƚǇ ŝŶƚŚŝƐǁŽƌŬ ŝƐ ĨĂŝƌůǇŐŽŽĚ͕ǁŚĞƌĞĂƐƚŚĞƌĞ ŝƐƐŽŵĞ
ƐĐĂƚƚĞƌ ŝŶ <ŝŵ͛Ɛ ĚĂƚĂ ;Ăƚ ϴϬ ĂŶĚ ϭϮϬ ŽͿ͘ dŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ƐŚŽǁ ƚŚĂƚ ƚŚĞ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŝƐ


























































































ŝƐ ĐŚĂŶŐĞĚ ĂƐ ĐĂŶ ďĞ ƐĞĞŶ ŝŶ &ŝŐƵƌĞ ϯ͘ϯ ǁŚĞƌĞ ϯϬ ŵĂƐƐ й D ;ĨŝǆĞĚ ĐŽŶĐĞŶƚƌĂƚŝŽŶͿ ŝƐ ƵƐĞĚ ĨŽƌ ƚǁŽ
ĚŝĨĨĞƌĞŶƚĨĞĞĚƉƌĞƐƐƵƌĞƐŝ͘Ğ͕͘ϲďĂƌ;ƚŚŝƐǁŽƌŬͿĂŶĚϯďĂƌ;<ŝŵ͛ƐǁŽƌŬͿ͘^ŝŵŝůĂƌůǇ͕ƚŚĞƌĞŝƐŶŽĞĨĨĞĐƚŽŶŚĞĂƚŽĨ
ĂďƐŽƌƉƚŝŽŶ ďǇ ĨŝǆŝŶŐ ƚŚĞ ƐĞĐŽŶĚ ƉĂƌĂŵĞƚĞƌ ;KϮ ĨĞĞĚ ƉƌĞƐƐƵƌĞͿ ĂŶĚ ĐŚĂŶŐŝŶŐ ƚŚĞ ĨŝƌƐƚ ŽŶĞ ;ƐŽůǀĞŶƚ
ĐŽŶĐĞŶƚƌĂƚŝŽŶͿ͘ dŚŝƐ ĐĂŶ ďĞ ƐĞĞŶ ŝŶ ƚŚĞ ƌĞƐƵůƚƐ ŽĨ DW ǁŚĞƌĞ ŶŽ ĞĨĨĞĐƚ ŽŶ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ǁĂƐ
ŽďƐĞƌǀĞĚǁŚĞŶƚǁŽĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨDW͕ϮD;Εϭϳ͘ϵŵĂƐƐйͿĂŶĚϭD;Εϴ͘ϵŵĂƐƐйͿ͕ǁĞƌĞ




ƵƐĞĚ ŝŶ ƚŚŝƐǁŽƌŬĐŽŵƉĂƌĞĚƚŽϯϮŵĂƐƐйĂŶĚϯϳŵĂƐƐйĨƌŽŵ<ŝŵ͘ĨƚĞƌ ƚŚŝƐĚŝƐĐƵƐƐŝŽŶ͕ŽŶĞĐĂŶ
ĂƌŐƵĞ ƚŚĂƚ ĐŚĂŶŐŝŶŐ ďŽƚŚ ƉĂƌĂŵĞƚĞƌƐ͕ ƐŽůǀĞŶƚ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ;ůĂƌŐĞ ĚŝĨĨĞƌĞŶĐĞ ŝŶ ĐŽŶĐĞŶƚƌĂƚŝŽŶͿ ĂŶĚKϮ










ƌĞƐƵůƚƐ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞƌĞ ŝƐ ůĂƌŐĞ ƐĐĂƚƚĞƌ ŝŶ <ŝŵ͛Ɛ ĚĂƚĂ ĞǆĐĞƉƚ ĨŽƌ ƚŚĞ ƌĞƐƵůƚƐ Ăƚ ϰϬ Ž͘ ^ŝŶĐĞDW ŝƐ Ă
ĚŝĂŵŝŶĞ͕ Ă ŚŝŐŚ KϮ ůŽĂĚŝŶŐ ŝƐ ĂĐŚŝĞǀĞĚ͘ dŚĞ ŚĞĂƚƐ ŽĨ ĂďƐŽƌƉƚŝŽŶ ƐŚŽǁĂŶ ŝŶĐƌĞĂƐĞǁŝƚŚ ŝŶĐƌĞĂƐĞ ŝŶ ƚŚĞ
ƚĞŵƉĞƌĂƚƵƌĞ͘ŽŶƚƌĂƌǇƚŽ͕DWƐŚŽǁƐŚŝŐŚKϮůŽĂĚŝŶŐĐĂƉĂĐŝƚǇĂƚŚŝŐŚĞƌƚĞŵƉĞƌĂƚƵƌĞƐ͘/ƚĐĂŶĂůƐŽ
ďĞŶŽƚŝĐĞĚƚŚĂƚƚŚĞĚŝĨĨĞƌĞŶƚŝĂůŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶŝƐĂůŵŽƐƚĐŽŶƐƚĂŶƚƵƉƚŽĂůŽĂĚŝŶŐŽĨΕϭŵŽůKϮ͘;ŵŽů




















ƐĞĞŶ ƚŚĂƚ ϭ D ;Ε ϴ͘ϵ ŵĂƐƐ йͿ DW ƌĞƐƵůƚƐ ĨƌŽŵ ƚŚŝƐ ǁŽƌŬ ĂŶĚ ϴ ŵĂƐƐ й DW ĨƌŽŵ <ŝŵ ŚĂǀĞ
ĐŽŵƉĂƌĂƚŝǀĞůǇ ďĞƚƚĞƌ ĂŐƌĞĞŵĞŶƚ ǁŚŝĐŚ ƐƵƉƉŽƌƚ ŽƵƌ ĂƌŐƵŵĞŶƚ ĂƐ ĚŝƐĐƵƐƐĞĚ ĞĂƌůŝĞƌ͘ ,ŽǁĞǀĞƌ͕ ϯŵĂƐƐ й
DWĨƌŽŵ<ŝŵĂůƐŽƐŚŽǁƐĂĨĂŝƌůǇŐŽŽĚĂŐƌĞĞŵĞŶƚĂƚůŽǁĞƌůŽĂĚŝŶŐƐĂŶĚƚĞŵƉĞƌĂƚƵƌĞƐϰϬĂŶĚϴϬŽ͘dŚŝƐ
ŵĂǇ ďĞ ĞǆƉůĂŝŶĞĚ ďǇ ƚŚĞ ĚŝĨĨĞƌĞŶƚ ĞĨĨĞĐƚ ĨŽƌ ĚŝĨĨĞƌĞŶƚ ƚǇƉĞƐ ŽĨ ĂŵŝŶĞƐ͘ &Žƌ ĞǆĂŵƉůĞ͕ DĞƌŬůĞǇ Ğƚ Ăů͘Ϯϲ
ƌĞƉŽƌƚĞĚ ƐŽůǀĞŶƚ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ĚĞƉĞŶĚĞŶĐǇ ŽĨ ƚŚĞ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ǁŚĞŶ D͕ Ă ƚĞƌƚŝĂƌǇ
ĂůŬĂŶŽůĂŵŝŶĞ͕ ŝƐ ƵƐĞĚ͘ KŶ ƚŚĞ ŽƚŚĞƌ ŚĂŶĚ͕ <ŝŵ ĂŶĚ ^ǀĞŶĚƐĞŶϮϯ ƌĞƉŽƌƚĞĚ ŶĞŐůŝŐŝďůĞ ĞĨĨĞĐƚ ŽĨ ƐŽůǀĞŶƚ
ĐŽŶĐĞŶƚƌĂƚŝŽŶŽŶŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶďǇƵƐŝŶŐD;ƉƌŝŵĂƌǇĂŵŝŶĞͿĂŶĚ;ĚŝĂŵŝŶĞ͕ďŽƚŚƉƌŝŵĂƌǇĂŶĚ



























































































ƉŽŝŶƚ ŝƐ ƌĞĂĐŚĞĚĂŶĚ ƚŚĞŶ ƚŚĞ ƐůŽƉĞŽĨ ƚŚĞ ůŝŶĞĚĞĐƌĞĂƐĞƐ͘ dŚĞŚĞĂƚŽĨ ĂďƐŽƌƉƚŝŽŶ ŝƐ ĐŽŶƐƚĂŶƚ ĂůŽŶŐ ƚŚŝƐ
ƐƚƌĂŝŐŚƚůŝŶĞ͘/ƚĐĂŶĂůƐŽďĞƐĞĞŶƚŚĂƚƚŚĞƐůŽƉĞŽĨƚŚĞůŝŶĞŝŶĐƌĞĂƐĞƐǁŝƚŚƚĞŵƉĞƌĂƚƵƌĞǁŚŝĐŚŝŶĚŝĐĂƚĞƐƚŚĂƚ






















































































ƐŝŵƉůŝĐŝƚǇ͕ ϱD  н ϮDDW ĂŶĚ ϱD  н ϭDDW ĂƌĞ ĂďďƌĞǀŝĂƚĞĚ ĂƐ ϱϮD ĂŶĚ ϱϭD͕

















































































/Ŷ ƚŚĞ ƐĞůĞĐƚĞĚ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞ͕ ƚŚĞƐĞ ĂŵŝŶĞ ďůĞŶĚƐ ŐŝǀĞ ƚǁŽ ůŝƋƵŝĚ ƉŚĂƐĞƐ ƵƉŽŶ KϮ ĂďƐŽƌƉƚŝŽŶ͘

























































































ĞŶĚ ŽĨ ĞǆƉĞƌŝŵĞŶƚƐ ĂůŽŶŐǁŝƚŚ ŶƵŵďĞƌ ŽĨ ƉŚĂƐĞƐ ĨŽƌŵĞĚ ĂŶĚ ǀŽůƵŵĞ ƉĞƌĐĞŶƚĂŐĞƐ ŽĨ ƵƉƉĞƌ ĂŶĚ ůŽǁĞƌ
ƉŚĂƐĞƐ ;ĂƚϮϱŽͿ ĨŽƌĂůů ƚŚĞĞǆƉĞƌŝŵĞŶƚƐŽĨĂŵŝŶĞŵŝǆƚƵƌĞƐ ŝŶ ƚŚĞƚĞŵƉĞƌĂƚƵƌĞƌĂŶŐĞŽĨϰϬͲϭϮϬŽ͘ŽƚŚ
ϱϮDĂŶĚϱϭDƐǇƐƚĞŵƐŐĂǀĞŽŶĞǀŝƐĐŽƵƐƉŚĂƐĞĂƚϰϬŽ͘,ŽǁĞǀĞƌ͕ϱϮDƐǇƐƚĞŵŐĂǀĞƚǁŽƉŚĂƐĞƐĂƚϴϬ





ƉŚĂƐĞͿ ŝŶĐƌĞĂƐĞƐǁŝƚŚĂŶ ŝŶĐƌĞĂƐĞ ŝŶKϮ ůŽĂĚŝŶŐĂŶĚďĞĐŽŵĞƐŽŶĞKϮƌŝĐŚǀŝƐĐŽƵƐƉŚĂƐĞĂĨƚĞƌĂĐĞƌƚĂŝŶ
ůŽĂĚŝŶŐĂƐƐŚŽǁŶďǇƌĞƐƵůƚƐŽĨϱϮDĂŶĚϱϭDƐǇƐƚĞŵƐĂƚϰϬŽ͘dŚĞϱϭDƐǇƐƚĞŵŚĂƐƐŚŽǁŶƌĞůĂƚŝǀĞůǇ















































































ŶŽǀĞƌĂůů ĐŽŵƉĂƌŝƐŽŶŽĨĚŝĨĨĞƌĞŶƚŝĂů ĞŶƚŚĂůƉŝĞƐŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ĨŽƌ Ăůů ƚŚĞ ƐƚƵĚŝĞĚ ƐǇƐƚĞŵƐ ĂŶĚϯϬ
ŵĂƐƐйD;ďĂƐĞĐĂƐĞͿĂƚϰϬ͕ϴϬĂŶĚ͕ϭϮϬŽŝƐŐŝǀĞŶŝŶ&ŝŐƵƌĞϯ͘ϭϬ͘dŚĞDWƐŽůƵƚŝŽŶƐŽĨϮDĂŶĚϭD
ŚĂǀĞ ƐŝŵŝůĂƌ ŚĞĂƚƐ ŽĨ ĂďƐŽƌƉƚŝŽŶ ĂƐ ƚŚĂƚ ŽĨ ϯϬ ŵĂƐƐ й D Ăƚ ϰϬ Ž ďƵƚ ƚŚĞƐĞ ǀĂůƵĞƐ ĂƌĞ ŚŝŐŚĞƌ Ăƚ









































































































ůŽĂĚŝŶŐƐ͘,ŽǁĞǀĞƌ͕ ŝƚĚƌŽƉƐƋƵŝĐŬůǇǁŝƚŚ ŝŶĐƌĞĂƐĞ ŝŶ ůŽĂĚŝŶŐ͘dŚĞƐĞŵŝǆƚƵƌĞƐŚĂǀĞŚŝŐŚ ůŽĂĚŝŶŐĐĂƉĂĐŝƚŝĞƐ








,ĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ƉŚĂƐĞ ĐŚĂŶŐĞ ƐŽůǀĞŶƚƐ ĐŽŶƚĂŝŶŝŶŐ  ĂŶĚ DW ǁĞƌĞ ŵĞĂƐƵƌĞĚ ĂƐ Ă
ĨƵŶĐƚŝŽŶŽĨKϮůŽĂĚŝŶŐĂƚĚŝĨĨĞƌĞŶƚƚĞŵƉĞƌĂƚƵƌĞƐƵƐŝŶŐĂĐŽŵŵĞƌĐŝĂůůǇĂǀĂŝůĂďůĞƌĞĂĐƚŝŽŶĐĂůŽƌŝŵĞƚĞƌ͘dŚĞ
ƚĞƐƚĞĚƐǇƐƚĞŵƐǁĞƌĞϱD͕ϮDDW͕ϭDDW͕ϱDнϮDDW͕ĂŶĚϱDнϭDDW͘
dŚĞ ƐĞůĞĐƚĞĚ ĂŵŝŶĞ ĐŽŵƉŽƐŝƚŝŽŶ ŝŶ ƚŚĞ ŵŝǆƚƵƌĞƐ ŐĂǀĞ ƚǁŽ ůŝƋƵŝĚ ƉŚĂƐĞƐ ŽŶ ƌĞĂĐƚŝŶŐ ǁŝƚŚ KϮ͘ ůů
ĞǆƉĞƌŝŵĞŶƚƐ ǁĞƌĞ ƌĞƉĞĂƚĞĚ ĂŶĚ ŚĂǀĞ ƐŚŽǁŶ ŐŽŽĚ ƌĞƉĞĂƚĂďŝůŝƚǇ͘ dŚĞ ŵĞĂƐƵƌĞŵĞŶƚƐ ǁĞƌĞ ƚĂŬĞŶ
ŝƐŽƚŚĞƌŵĂůůǇŽǀĞƌĂƚĞŵƉĞƌĂƚƵƌĞƌĂŶŐĞŽĨϰϬͲϭϮϬŽ͘dŚĞŵĞĂƐƵƌĞĚĚŝĨĨĞƌĞŶƚŝĂůŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶǀĂůƵĞƐ
ǁĞƌĞĐŽŶǀĞƌƚĞĚ ŝŶƚŽ ŝŶƚĞŐƌĂůǀĂůƵĞƐďǇ ŝŶƚĞŐƌĂƚŝŽŶ͘^ŝŶĐĞKϮǁĂƐ ŝŶũĞĐƚĞĚ ŝŶƚŚĞƌĞĂĐƚŽƌ ŝŶƐĞǀĞƌĂůƐŵĂůů




ŝŶ ĐŽŵďŝŶĂƚŝŽŶǁŝƚŚ ƚǇƉĞŽĨĂŵŝŶĞƵƐĞĚ͘dŚŝƐĞĨĨĞĐƚ ŝƐŵŽƌĞƉƌŽŶŽƵŶĐĞĚ ŝŶ ƚĞƌƚŝĂƌǇĂůŬĂŶŽůĂŵŝŶĞ ;Ϳ
ĐŽŵƉĂƌĞĚ ƚŽ ĚŝĂŵŝŶĞ ;DWͿ ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƉƌŝŵĂƌǇ ĂŶĚ ƐĞĐŽŶĚĂƌǇ ĂŵŝŶĞ ĨƵŶĐƚŝŽŶĂů ŐƌŽƵƉƐ͘ ,ŽǁĞǀĞƌ͕











,ŽǁĞǀĞƌ͕ ŝƚ ďĞĐŽŵĞƐŽŶĞ ůŝƋƵŝĚƉŚĂƐĞĂƚ ĐĞƌƚĂŝŶ ůŽĂĚŝŶŐĂďŽǀĞɲсϬ͘ϮϯŵŽůKϮ͘;ŵŽů ĂŵŝŶĞͿͲϭ͘ &ƵƌƚŚĞƌ



























;ϭϬͿ 'ůĂƐƐĐŽĐŬ͕ ͘ ͖͘ ƌŝƚĐŚĨŝĞůĚ͕ :͘ ͖͘ ZŽĐŚĞůůĞ͕ '͘ d͘ KϮ ĂďƐŽƌƉƚŝŽŶͬ ĚĞƐŽƌƉƚŝŽŶ ŝŶ ŵŝǆƚƵƌĞƐ ŽĨ























;ϭϴͿ ŚĂŶŐ͕ :͖͘ DŝƐĐŚ͕ Z͖͘ dĂŶ͕ z͖͘ ŐĂƌ͕ ͘ t͘ EŽǀĞů ƚŚĞƌŵŽŵŽƌƉŚŝĐ ďŝƉŚĂƐŝĐ ĂŵŝŶĞ ƐŽůǀĞŶƚƐ ĨŽƌ KϮ
ĂďƐŽƌƉƚŝŽŶĂŶĚůŽǁͲƚĞŵƉĞƌĂƚƵƌĞĞǆƚƌĂĐƚŝǀĞƌĞŐĞŶĞƌĂƚŝŽŶ͘ŚĞŵ͘ŶŐ͘dĞĐŚŶŽů͘ϮϬϭϭ͕ϯϰ;ϵͿ͕ϭϰϴϭͲϭϰϴϵ͘
;ϭϵͿWŝŶƚŽ͕͘͘͖͘DŽŶƚĞŝƌŽ͕:͘'͘D͘Ͳ^͖͘ƌƵĚĞƌ͕W͖͘ĂŝĚǇ͕^͘͘,͖͘:ŽŶĂƐƐĞŶ͕T͖͘,ĂƌƚŽŶŽ͕͖͘^ǀĞŶĚƐĞŶ͕,͘





























ŵŝŶĞ ^EŽ͘ ŽŶĐĞŶƚƌĂƚŝŽŶ dͬŽ WͬŬWĂ
ƋƵĞŽƵƐƐŝŶŐůĞĂŵŝŶĞƐ    
ϮͲ;ŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů;Ϳ ϭϬϬͲϯϳͲϴ ϱD;Εϲϭ͘ϭŵĂƐƐйͿ ϰϬ͕ϴϬ͕ϭϮϬ ϲϬϬ
ϯͲ;DĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ;DWͿ ϲϮϵϭͲϴϰͲϱ ϮD;Εϭϳ͘ϵŵĂƐƐйͿ͕ϭD;Εϴ͘ϵŵĂƐƐйͿ ϰϬ͕ϴϬ͕ϭϮϬ ϲϬϬ
DŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ;DͿ ϭϰϭͲϰϯͲϱ ϯϬŵĂƐƐй ϰϬ͕ϴϬ͕ϭϮϬ ϲϬϬ
ƋƵĞŽƵƐĂŵŝŶĞŵŝǆƚƵƌĞƐΎ    
нDW Ͳ ϱDнϮDΕ;ϲϯ͘ϱŵĂƐƐйнϭϵ͘ϭŵĂƐƐйͿ ϰϬ͕ϴϬ͕ϭϮϬ ϲϬϬ


























ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϰϬŽ;ϭͿ   
Ϭ͘Ϭϰϱ ϱϱ͘ϯϬϴ Ϯ͘ϰϴϯ ϱϱ͘ϯϬϴ
Ϭ͘ϬϵϬ ϱϲ͘ϲϰϯ ϱ͘Ϭϱϭ ϱϱ͘ϵϳϵ
Ϭ͘ϭϯϲ ϱϲ͘ϯϴϳ ϳ͘ϲϱϯ ϱϲ͘ϭϭϳ
Ϭ͘ϭϴϮ ϱϲ͘ϴϰϬ ϭϬ͘Ϯϯϵ ϱϲ͘Ϯϵϴ
Ϭ͘ϮϮϲ ϱϳ͘ϳϮϬ ϭϮ͘ϳϵϴ ϱϲ͘ϱϳϳ
Ϭ͘Ϯϳϭ ϱϳ͘ϵϭϳ ϭϱ͘ϯϲϰ ϱϲ͘ϳϵϲ
Ϭ͘ϯϭϰ ϱϴ͘ϴϰϬ ϭϳ͘ϵϯϵ ϱϳ͘Ϭϴϭ
Ϭ͘ϯϱϴ ϱϴ͘ϰϴϭ ϮϬ͘ϰϵϳ ϱϳ͘ϮϱϮ
Ϭ͘ϰϬϭ ϱϵ͘Ϭϭϵ Ϯϯ͘Ϭϱϯ ϱϳ͘ϰϰϯ
Ϭ͘ϰϰϳ ϲϭ͘ϯϲϵ Ϯϱ͘ϴϲϭ ϱϳ͘ϴϰϱ
Ϭ͘ϰϴϵ ϱϱ͘ϵϭϲ Ϯϴ͘ϭϵϳ ϱϳ͘ϲϴϬ
Ϭ͘ϱϯϬ ϱϵ͘ϳϲϬ ϯϬ͘ϲϱϳ ϱϳ͘ϴϰϭ
Ϭ͘ϱϳϲ ϱϲ͘ϱϯϮ ϯϯ͘Ϯϲϰ ϱϳ͘ϳϯϲ
Ϭ͘ϲϮϮ ϱϲ͘ϴϱϮ ϯϱ͘ϴϴϴ ϱϳ͘ϲϳϭ
Ϭ͘ϲϲϴ ϱϲ͘ϮϬϬ ϯϴ͘ϰϱϰ ϱϳ͘ϱϳϬ
Ϭ͘ϳϭϮ ϱϲ͘ϬϮϰ ϰϬ͘ϵϰϭ ϱϳ͘ϰϳϰ
Ϭ͘ϳϱϱ ϱϱ͘ϴϴϵ ϰϯ͘ϯϯϬ ϱϳ͘ϯϴϰ
Ϭ͘ϳϵϴ ϱϱ͘ϰϯϬ ϰϱ͘ϳϮϱ ϱϳ͘Ϯϳϴ
Ϭ͘ϴϰϬ ϱϱ͘ϳϮϬ ϰϴ͘Ϭϯϳ ϱϳ͘ϮϬϭ
Ϭ͘ϴϴϬ ϱϲ͘ϲϴϳ ϱϬ͘ϯϬϵ ϱϳ͘ϭϳϴ
Ϭ͘ϵϭϴ ϰϴ͘ϵϮϰ ϱϮ͘ϭϱϲ ϱϲ͘ϴϯϴ
Ϭ͘ϵϱϰ ϰϱ͘ϴϯϳ ϱϯ͘ϴϭϰ ϱϲ͘ϰϮϭ
Ϭ͘ϵϳϱ ϯϵ͘ϰϳϯ ϱϰ͘ϲϱϮ ϱϲ͘ϬϱϮ
Ϭ͘ϵϴϳ Ϯϴ͘ϲϳϰ ϱϰ͘ϵϴϲ ϱϱ͘ϳϮϵ
Ϭ͘ϵϵϬ ϭϱ͘ϴϲϯ ϱϱ͘Ϭϰϰ ϱϱ͘ϱϴϮ
ϰϬŽ;ϮͿ
Ϭ͘Ϭϯϵ ϱϲ͘Ϯϳϭ Ϯ͘Ϯϭϯ ϱϲ͘Ϯϳϭ
Ϭ͘ϭϬϭ ϱϵ͘ϯϴϰ ϱ͘ϵϬϮ ϱϴ͘ϭϳϳ
Ϭ͘ϭϲϰ ϱϵ͘ϲϬϭ ϵ͘ϲϰϵ ϱϴ͘ϳϮϮ
Ϭ͘ϮϮϰ ϱϵ͘Ϯϴϳ ϭϯ͘Ϯϭϰ ϱϴ͘ϴϳϯ
Ϭ͘Ϯϴϰ ϱϵ͘Ϯϳϲ ϭϲ͘ϳϱϰ ϱϴ͘ϵϱϴ
Ϭ͘ϯϲϮ ϲϬ͘ϱϯϮ Ϯϭ͘ϰϱϯ ϱϵ͘Ϯϵϲ
Ϭ͘ϰϯϴ ϲϬ͘ϭϵϳ Ϯϲ͘Ϭϰϵ ϱϵ͘ϰϱϯ
Ϭ͘ϱϭϯ ϲϭ͘Ϭϵϴ ϯϬ͘ϲϭϵ ϱϵ͘ϲϵϯ
Ϭ͘ϱϵϴ ϱϴ͘ϯϭϱ ϯϱ͘ϱϲϬ ϱϵ͘ϰϵϳ
Ϭ͘ϲϳϵ ϱϵ͘ϵϵϴ ϰϬ͘ϰϲϯ ϱϵ͘ϱϱϴ
Ϭ͘ϳϱϵ ϱϲ͘ϴϴϲ ϰϱ͘Ϭϭϱ ϱϵ͘Ϯϳϲ
Ϭ͘ϴϯϳ ϱϳ͘ϴϵϴ ϰϵ͘ϱϮϯ ϱϵ͘ϭϰϴ
Ϭ͘ϴϵϯ ϱϱ͘ϵϱϳ ϱϮ͘ϲϱϭ ϱϴ͘ϵϰϴ
Ϭ͘ϵϰϵ ϱϭ͘ϱϭϬ ϱϱ͘ϱϮϰ ϱϴ͘ϱϭϭ
Ϭ͘ϵϴϯ ϰϳ͘ϯϭϵ ϱϳ͘ϭϮϵ ϱϴ͘ϭϮϱ
ϭ͘ϬϬϱ ϰϮ͘ϳϴϬ ϱϴ͘ϬϴϬ ϱϳ͘ϳϴϲ
ϭ͘ϬϮϬ ϯϮ͘ϵϴϬ ϱϴ͘ϱϱϲ ϱϳ͘ϰϯϰ
ϭ͘Ϭϯϭ ϭϭ͘ϴϭϴ ϱϴ͘ϲϵϱ ϱϲ͘ϵϭϱ










ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϴϬŽ;ϭͿ   
Ϭ͘Ϭϰϭ ϴϮ͘Ϯϯϰ ϯ͘ϰϬϰ ϴϮ͘Ϯϯϰ
Ϭ͘ϭϬϰ ϳϲ͘ϵϲϭ ϴ͘ϮϮϰ ϳϵ͘Ϭϱϵ
Ϭ͘ϭϰϰ ϳϭ͘ϵϵϳ ϭϭ͘ϭϮϭ ϳϳ͘Ϭϴϵ
Ϭ͘ϭϴϱ ϲϴ͘ϯϬϰ ϭϯ͘ϵϭϱ ϳϱ͘ϭϰϴ
Ϭ͘ϮϮϱ ϲϳ͘ϲϴϯ ϭϲ͘ϲϭϱ ϳϯ͘ϴϮϱ
Ϭ͘Ϯϲϱ ϲϰ͘ϬϮϬ ϭϵ͘ϭϳϳ ϳϮ͘ϯϰϱ
Ϭ͘ϯϬϰ ϲϰ͘ϯϲϴ Ϯϭ͘ϲϴϬ ϳϭ͘ϯϮϰ
Ϭ͘ϯϰϮ ϲϰ͘ϱϬϵ Ϯϰ͘ϭϰϰ ϳϬ͘ϱϲϰ
Ϭ͘ϯϴϬ ϲϮ͘Ϭϰϵ Ϯϲ͘ϰϵϮ ϲϵ͘ϳϭϲ
Ϭ͘ϰϭϴ ϲϯ͘ϱϵϮ Ϯϴ͘ϴϵϰ ϲϵ͘ϭϲϮ
Ϭ͘ϰϱϰ ϲϰ͘ϭϲϲ ϯϭ͘Ϯϭϳ ϲϴ͘ϳϲϰ
Ϭ͘ϰϵϯ ϱϵ͘ϰϳϲ ϯϯ͘ϱϲϭ ϲϴ͘ϬϮϮ
Ϭ͘ϱϬϴ ϱϰ͘ϯϴϮ ϯϰ͘ϯϱϱ ϲϳ͘ϲϮϵ
Ϭ͘ϱϭϳ ϰϴ͘ϳϰϱ ϯϰ͘ϴϬϰ ϲϳ͘Ϯϵϯ
Ϭ͘ϱϮϲ ϰϱ͘ϵϴϵ ϯϱ͘ϮϬϬ ϲϲ͘ϵϰϱ
ϴϬŽ;ϮͿ
Ϭ͘Ϭϯϴ ϴϯ͘ϱϭϲ ϯ͘ϭϳϵ ϴϯ͘ϱϭϲ
Ϭ͘Ϭϳϳ ϴϭ͘Ϯϳϭ ϲ͘ϯϲϰ ϴϮ͘ϯϳϳ
Ϭ͘ϭϯϰ ϳϯ͘Ϭϰϱ ϭϬ͘ϰϵϴ ϳϴ͘ϰϯϭ
Ϭ͘ϭϴϵ ϲϵ͘ϰϱϴ ϭϰ͘ϯϭϲ ϳϱ͘ϴϭϵ
Ϭ͘Ϯϰϯ ϲϳ͘ϳϰϳ ϭϳ͘ϵϵϱ ϳϰ͘Ϭϭϲ
Ϭ͘Ϯϵϲ ϲϲ͘ϯϳϮ Ϯϭ͘ϱϮϴ ϳϮ͘ϲϰϯ
Ϭ͘ϯϰϴ ϲϰ͘ϵϭϴ Ϯϰ͘ϴϰϵ ϳϭ͘ϱϬϲ
Ϭ͘ϯϵϴ ϲϱ͘ϬϳϮ Ϯϴ͘ϭϭϲ ϳϬ͘ϲϵϯ
Ϭ͘ϰϰϳ ϲϱ͘ϮϮϮ ϯϭ͘ϯϯϱ ϳϬ͘Ϭϴϵ
Ϭ͘ϰϴϱ ϱϵ͘ϵϱϲ ϯϯ͘ϲϯϭ ϲϵ͘ϮϵϬ
Ϭ͘ϱϬϮ ϱϴ͘ϴϬϴ ϯϰ͘ϱϵϵ ϲϴ͘ϵϰϲ
Ϭ͘ϱϭϱ ϱϯ͘ϳϮϰ ϯϱ͘Ϯϴϲ ϲϴ͘ϱϲϴ















ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
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ͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϭϮϬŽ;ϭͿ   
Ϭ͘Ϭϯϱ ϭϬϱ͘ϰϭϱ ϯ͘ϲϱϴ ϭϬϱ͘ϰϭϱ
Ϭ͘Ϭϲϲ ϴϱ͘ϮϯϮ ϲ͘ϯϯϳ ϵϱ͘ϴϮϮ
Ϭ͘Ϭϵϴ ϲϴ͘ϰϱϱ ϴ͘ϱϮϯ ϴϲ͘ϵϭϭ
Ϭ͘ϭϭϭ ϲϳ͘ϴϵϵ ϵ͘ϯϵϲ ϴϰ͘ϳϬϳ
ϭϮϬŽ;ϮͿ   
Ϭ͘Ϭϭϱ Ϯϲϱ͘ϴϯϰ ϰ͘Ϭϰϰ Ă
Ϭ͘ϬϮϵ ϭϮϬ͘ϳϲϲ ϱ͘ϲϴϬ ϭϮϬ͘ϳϲϲ
Ϭ͘ϬϱϬ ϵϬ͘ϲϱϵ ϳ͘ϱϵϱ ϭϬϮ͘ϰϮϴ
Ϭ͘Ϭϲϲ ϳϳ͘ϬϴϮ ϴ͘ϴϭϰ ϵϰ͘ϰϴϱ
Ϭ͘Ϭϴϭ ϳϭ͘ϲϭϱ ϵ͘ϵϰϮ ϴϵ͘Ϭϰϵ
Ϭ͘Ϭϵϱ ϲϱ͘ϰϵϬ ϭϬ͘ϳϵϵ ϴϱ͘ϭϲϭ
Ϭ͘ϭϬϰ ϲϭ͘ϰϳϰ ϭϭ͘ϯϲϵ ϴϮ͘ϲϴϬ
Ϭ͘ϭϭϭ ϱϰ͘ϴϮϱ ϭϭ͘ϳϱϮ ϴϬ͘ϲϰϱ
ϭϮϬŽ;ϯͿ
Ϭ͘Ϭϭϳ ϮϯϬ͘Ϯϯϯ ϯ͘ϵϯϮ Ă
Ϭ͘ϬϯϮ ϭϬϬ͘ϳϲϴ ϱ͘ϰϱϬ ϭϬϬ͘ϳϲϴ
Ϭ͘ϬϱϬ ϴϰ͘ϲϭϰ ϲ͘ϵϲϮ ϵϮ͘ϬϬϭ
Ϭ͘Ϭϲϵ ϲϱ͘ϴϴϬ ϴ͘ϮϮϭ ϴϮ͘ϰϭϰ
Ϭ͘Ϭϴϴ ϲϯ͘ϯϴϯ ϵ͘ϰϬϯ ϳϳ͘ϯϵϮ
Ϭ͘ϭϬϬ ϱϳ͘ϰϵϯ ϭϬ͘ϭϬϲ ϳϰ͘ϰϱϳ
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ŵŽůKϮ͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϰϬŽ;ϭͿ   
Ϭ͘Ϭϴϰ ϴϰ͘ϰϱϰ ϳ͘Ϭϱϴ ϴϰ͘ϰϱϰ
Ϭ͘Ϯϭϰ ϴϰ͘ϵϲϬ ϭϴ͘ϭϳϬ ϴϰ͘ϳϲϯ
Ϭ͘ϯϴϰ ϴϲ͘ϮϯϮ ϯϮ͘ϳϲϴ ϴϱ͘ϰϭϭ
Ϭ͘ϱϰϵ ϴϲ͘ϭϭϱ ϰϲ͘ϵϴϵ ϴϱ͘ϲϮϯ
Ϭ͘ϳϰϵ ϴϱ͘ϳϱϲ ϲϰ͘ϭϲϭ ϴϱ͘ϲϱϴ
Ϭ͘ϵϰϯ ϴϯ͘ϭϲϵ ϴϬ͘ϯϮϰ ϴϱ͘ϭϰϲ
ϭ͘Ϭϵϰ ϲϲ͘ϰϵϯ ϵϬ͘ϯϲϵ ϴϮ͘ϱϳϭ
ϭ͘ϭϴϰ ϰϭ͘ϲϵϰ ϵϰ͘ϭϬϯ ϳϵ͘ϰϳϵ
ϭ͘ϯϲϱ ϯϰ͘ϳϱϴ ϵϵ͘ϴϳϳ ϳϯ͘ϭϰϰ
ϭ͘ϰϱϱ ϯϭ͘ϮϭϬ ϭϬϮ͘ϲϲϱ ϳϬ͘ϱϳϬ
ϭ͘ϱϯϮ Ϯϵ͘ϴϴϯ ϭϬϰ͘ϵϴϮ ϲϴ͘ϱϭϭ
ϭ͘ϱϴϰ Ϯϲ͘ϲϴϯ ϭϬϲ͘ϯϲϵ ϲϳ͘ϭϯϵ
ϰϬŽ;ϮͿ
Ϭ͘Ϭϴϭ ϴϰ͘ϰϲϬ ϲ͘ϴϱϭ ϴϰ͘ϰϲϬ
Ϭ͘ϮϬϱ ϴϱ͘ϲϲϳ ϭϳ͘ϰϲϯ ϴϱ͘ϭϵϬ
Ϭ͘ϯϲϴ ϴϱ͘ϯϲϵ ϯϭ͘ϰϭϵ ϴϱ͘Ϯϲϵ
Ϭ͘ϱϯϬ ϴϰ͘ϱϴϮ ϰϱ͘ϭϬϯ ϴϱ͘ϬϲϬ
Ϭ͘ϲϴϲ ϴϱ͘ϮϱϮ ϱϴ͘ϯϳϯ ϴϱ͘ϭϬϯ
Ϭ͘ϴϯϴ ϴϯ͘ϮϮϳ ϳϭ͘ϬϰϬ ϴϰ͘ϳϲϯ
Ϭ͘ϵϴϴ ϳϴ͘ϲϰϰ ϴϮ͘ϴϰϬ ϴϯ͘ϴϯϯ
ϭ͘ϭϯϰ ϱϲ͘Ϯϰϭ ϵϭ͘ϬϱϬ ϴϬ͘ϮϴϮ
ϭ͘Ϯϴϴ ϯϲ͘ϵϯϬ ϵϲ͘ϳϰϰ ϳϱ͘Ϭϵϯ
ϭ͘ϰϭϲ ϯϯ͘ϯϯϵ ϭϬϭ͘ϬϬϴ ϳϭ͘ϯϮϯ
ϭ͘ϱϬϰ ϯϭ͘ϰϴϱ ϭϬϯ͘ϳϴϮ ϲϴ͘ϵϵϬ
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ŵŽůKϮ͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϴϬŽ;ϭͿ   
Ϭ͘Ϭϴϯ ϭϬϬ͘ϮϵϬ ϴ͘Ϯϵϯ ϭϬϬ͘ϮϵϬ
Ϭ͘ϮϬϵ ϭϬϳ͘Ϭϲϭ Ϯϭ͘ϴϬϯ ϭϬϰ͘ϯϴϭ
Ϭ͘ϯϯϰ ϭϬϯ͘ϱϮϱ ϯϰ͘ϳϯϵ ϭϬϰ͘ϬϲϬ
Ϭ͘ϰϱϲ ϭϬϮ͘ϵϯϵ ϰϳ͘ϯϰϯ ϭϬϯ͘ϳϱϵ
Ϭ͘ϱϳϳ ϭϬϮ͘ϴϬϬ ϱϵ͘ϳϯϱ ϭϬϯ͘ϱϱϵ
Ϭ͘ϲϵϲ ϭϬϬ͘ϰϯϴ ϳϭ͘ϳϰϰ ϭϬϯ͘ϬϮϯ
Ϭ͘ϴϭϯ ϭϬϭ͘ϯϬϬ ϴϯ͘ϱϲϳ ϭϬϮ͘ϳϳϲ
Ϭ͘ϵϯϱ ϵϵ͘ϲϳϬ ϵϱ͘ϲϵϲ ϭϬϮ͘ϯϳϮ
ϭ͘Ϭϳϵ ϳϴ͘ϴϬϰ ϭϬϳ͘Ϭϵϱ ϵϵ͘Ϯϭϯ
ϭ͘ϮϬϬ ϲϰ͘ϳϯϱ ϭϭϰ͘ϵϮϵ ϵϱ͘ϳϯϳ
ϭ͘Ϯϳϯ ϱϮ͘ϮϬϵ ϭϭϴ͘ϳϮϮ ϵϯ͘Ϯϱϯ
ϭ͘ϯϮϳ ϰϯ͘ϬϳϬ ϭϮϭ͘Ϭϱϭ ϵϭ͘ϮϬϵ
ϭ͘ϯϱϵ ϯϵ͘Ϯϳϰ ϭϮϮ͘ϯϭϯ ϴϵ͘ϵϴϮ
ϴϬŽ;ϮͿ
Ϭ͘Ϭϴϲ ϵϵ͘ϭϴϰ ϴ͘ϱϲϭ ϵϵ͘ϭϴϰ
Ϭ͘Ϯϭϴ ϵϵ͘ϱϬϰ Ϯϭ͘ϲϰϬ ϵϵ͘ϯϳϳ
Ϭ͘ϯϴϳ ϭϬϬ͘ϭϭϭ ϯϴ͘ϱϵϰ ϵϵ͘ϲϵϴ
Ϭ͘ϱϱϯ ϭϬϬ͘ϳϰϵ ϱϱ͘ϯϮϱ ϭϬϬ͘Ϭϭϰ
Ϭ͘ϳϭϲ ϭϬϭ͘ϯϵϰ ϳϭ͘ϴϯϱ ϭϬϬ͘ϯϮϴ
Ϭ͘ϴϳϲ ϵϲ͘ϳϰϵ ϴϳ͘ϯϯϱ ϵϵ͘ϲϳϯ
ϭ͘Ϭϯϯ ϵϬ͘ϴϭϵ ϭϬϭ͘ϱϱϮ ϵϴ͘ϯϯϭ
ϭ͘ϭϵϱ ϲϯ͘ϳϰϯ ϭϭϭ͘ϴϴϯ ϵϯ͘ϲϯϵ
ϭ͘ϯϬϮ ϰϲ͘ϱϵϯ ϭϭϲ͘ϴϴϮ ϴϵ͘ϳϲϯ
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ϭϮϬŽ;ϭͿ   
Ϭ͘ϬϳϮ ϮϬϴ͘ϯϴϯ ϭϱ͘Ϭϳϱ Ă
Ϭ͘ϭϱϰ ϭϰϵ͘ϱϴϯ Ϯϳ͘Ϯϱϵ Ă
Ϭ͘Ϯϳϲ ϭϬϴ͘ϱϭϮ ϰϬ͘ϱϮϵ ϭϬϴ͘ϱϭϮ
Ϭ͘ϯϵϳ ϭϬϮ͘ϵϭϳ ϱϮ͘ϵϮϰ ϭϬϱ͘ϳϯϲ
Ϭ͘ϱϭϰ ϭϬϯ͘ϭϬϴ ϲϱ͘Ϭϭϯ ϭϬϰ͘ϴϴϬ
Ϭ͘ϲϯϭ ϭϬϲ͘ϲϱϮ ϳϳ͘ϱϬϲ ϭϬϱ͘ϯϭϱ
Ϭ͘ϳϱϱ ϭϬϮ͘ϯϯϱ ϵϬ͘ϮϱϮ ϭϬϰ͘ϲϵϴ
Ϭ͘ϴϳϲ ϭϬϴ͘ϰϯϮ ϭϬϯ͘ϯϭϭ ϭϬϱ͘ϯϮϭ
Ϭ͘ϵϵϱ ϭϬϳ͘ϱϲϴ ϭϭϲ͘ϭϬϮ ϭϬϱ͘ϲϯϵ
ϭ͘ϭϬϰ ϵϭ͘ϯϮϴ ϭϮϲ͘Ϭϲϰ ϭϬϯ͘ϵϵϲ
ϭ͘ϭϯϳ ϵϳ͘ϵϯϬ ϭϮϵ͘ϮϲϮ ϭϬϯ͘ϳϵϰ
ϭ͘ϭϱϭ ϲϵ͘ϵϯϰ ϭϯϬ͘ϯϬϬ ϭϬϯ͘ϮϵϬ
ϭϮϬŽ;ϮͿ
Ϭ͘ϬϴϮ Ϯϭϰ͘ϰϭϬ ϭϳ͘ϲϮϬ Ă
Ϭ͘ϭϳϮ ϭϰϵ͘ϲϱϳ ϯϭ͘ϭϬϱ Ă
Ϭ͘Ϯϵϱ ϭϬϮ͘ϯϳϱ ϰϯ͘ϲϳϬ ϭϬϮ͘ϯϳϱ
Ϭ͘ϰϱϱ ϭϭϬ͘ϯϳϭ ϲϭ͘Ϯϴϰ ϭϬϲ͘ϴϵϰ
Ϭ͘ϲϭϱ ϭϬϱ͘ϯϲϭ ϳϴ͘Ϯϭϯ ϭϬϲ͘ϯϯϴ
Ϭ͘ϳϲϳ ϭϬϯ͘ϮϲϮ ϵϯ͘ϴϲϭ ϭϬϱ͘ϱϱϰ
Ϭ͘ϵϭϯ ϭϬϯ͘Ϯϭϲ ϭϬϴ͘ϵϴϳ ϭϬϱ͘ϬϵϮ
ϭ͘Ϭϲϲ ϴϰ͘ϵϴϮ ϭϮϭ͘ϵϰϵ ϭϬϭ͘ϲϱϵ
ϭ͘ϭϬϰ ϲϳ͘Ϭϱϰ ϭϮϰ͘ϱϭϰ ϭϬϬ͘Ϯϯϵ
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ϰϬŽ;ϭͿ   
Ϭ͘ϭϳϱ ϴϮ͘ϱϮϮ ϭϰ͘ϰϯϯ ϴϮ͘ϱϮϮ
Ϭ͘ϰϯϴ ϴϰ͘ϴϱϵ ϯϲ͘ϳϮϴ ϴϯ͘ϵϮϱ
Ϭ͘ϳϭϬ ϴϱ͘ϰϬϮ ϱϵ͘ϵϱϳ ϴϰ͘ϰϵϭ
Ϭ͘ϵϴϰ ϴϬ͘ϯϵϬ ϴϮ͘Ϭϭϯ ϴϯ͘ϯϰϴ
ϭ͘Ϯϯϭ ϱϲ͘ϲϬϳ ϵϱ͘ϵϵϳ ϳϳ͘ϵϴϭ
ϭ͘ϯϴϵ ϯϴ͘Ϯϴϳ ϭϬϮ͘Ϭϱϱ ϳϯ͘ϰϲϬ
ϭ͘ϱϰϰ ϯϯ͘ϵϭϵ ϭϬϳ͘ϯϭϴ ϲϵ͘ϰϴϴ
ϭ͘ϲϴϰ ϯϬ͘Ϯϵϭ ϭϭϭ͘ϱϱϵ ϲϲ͘ϮϯϬ
ϭ͘ϴϭϯ Ϯϳ͘ϱϳϵ ϭϭϱ͘ϭϭϮ ϲϯ͘ϰϴϰ
ϭ͘ϴϳϱ Ϯϯ͘ϲϲϵ ϭϭϲ͘ϱϲϯ ϲϮ͘ϭϴϭ
ϰϬŽ;ϮͿ
Ϭ͘ϭϱϯ ϴϲ͘ϭϬϬ ϭϯ͘ϮϭϬ ϴϲ͘ϭϬϬ
Ϭ͘ϯϴϳ ϴϲ͘ϯϲϱ ϯϯ͘ϯϵϯ ϴϲ͘ϮϲϬ
Ϭ͘ϲϭϴ ϴϱ͘ϭϵϱ ϱϯ͘Ϭϵϯ ϴϱ͘ϴϲϮ
Ϭ͘ϴϰϱ ϴϮ͘ϱϰϯ ϳϭ͘ϳϲϯ ϴϰ͘ϵϳϯ
ϭ͘Ϭϲϯ ϳϮ͘Ϯϱϱ ϴϳ͘ϱϳϭ ϴϮ͘ϯϱϲ
ϭ͘Ϯϱϯ ϰϰ͘Ϭϵϴ ϵϱ͘ϵϱϯ ϳϲ͘ϱϱϰ
ϭ͘ϰϮϯ ϯϱ͘Ϭϴϱ ϭϬϭ͘ϵϬϳ ϳϭ͘ϲϭϬ
ϭ͘ϱϲϯ ϯϭ͘ϲϭϲ ϭϬϲ͘ϯϯϭ ϲϴ͘ϬϮϵ
ϭ͘ϲϳϴ Ϯϴ͘ϴϲϯ ϭϬϵ͘ϲϲϯ ϲϱ͘ϯϯϱ
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Ϭ͘ϭϳϳ ϭϬϳ͘ϯϴϰ ϭϴ͘ϵϱϳ ϭϬϳ͘ϯϴϰ
Ϭ͘ϰϰϬ ϭϬϳ͘ϬϬϵ ϰϳ͘ϭϯϲ ϭϬϳ͘ϭϲϬ
Ϭ͘ϳϬϱ ϭϬϱ͘ϰϲϯ ϳϱ͘Ϭϲϳ ϭϬϲ͘ϱϮϮ
Ϭ͘ϵϱϵ ϭϬϭ͘ϳϱϰ ϭϬϬ͘ϵϯϭ ϭϬϱ͘Ϯϱϴ
ϭ͘ϭϵϲ ϲϴ͘ϴϵϱ ϭϭϳ͘Ϯϱϵ ϵϴ͘ϬϱϮ
ϭ͘ϯϲϱ ϰϵ͘ϱϵϯ ϭϮϱ͘ϲϱϰ ϵϮ͘Ϭϰϯ
ϭ͘ϰϱϮ ϰϬ͘ϲϲϰ ϭϮϵ͘ϭϵϭ ϴϴ͘ϵϲϱ
ϭ͘ϰϵϱ ϯϳ͘ϱϵϴ ϭϯϬ͘ϵϭϯ ϴϳ͘ϱϵϱ
ϴϬŽ;ϮͿ
Ϭ͘ϭϳϯ ϭϭϬ͘Ϯϯϴ ϭϵ͘ϭϭϴ ϭϭϬ͘Ϯϯϴ
Ϭ͘ϰϬϴ ϭϬϲ͘ϵϱϮ ϰϰ͘Ϯϭϱ ϭϬϴ͘ϯϰϴ
Ϭ͘ϲϱϵ ϭϬϯ͘ϲϵϭ ϳϬ͘ϮϭϮ ϭϬϲ͘ϱϳϲ
Ϭ͘ϵϬϴ ϭϬϯ͘ϴϰϵ ϵϲ͘ϭϯϴ ϭϬϱ͘ϴϮϳ
ϭ͘ϭϰϲ ϳϯ͘Ϯϯϰ ϭϭϯ͘ϱϲϭ ϵϵ͘ϬϲϮ
ϭ͘ϯϰϮ ϱϳ͘ϯϬϴ ϭϮϰ͘ϳϴϵ ϵϮ͘ϵϲϴ
ϭ͘ϰϭϴ ϰϭ͘ϲϰϴ ϭϮϳ͘ϵϮϲ ϵϬ͘Ϯϰϭ






















ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůDWͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϭϮϬŽ;ϭͿ   
Ϭ͘ϭϳϲ ϭϰϱ͘ϯϱϳ Ϯϱ͘ϲϭϱ Ă
Ϭ͘ϯϰϱ ϭϭϱ͘ϱϰϮ ϰϱ͘ϭϱϯ ϭϭϱ͘ϱϰϮ
Ϭ͘ϱϭϮ ϭϭϰ͘ϳϰϲ ϲϰ͘ϮϮϯ ϭϭϱ͘ϭϰϴ
Ϭ͘ϲϳϰ ϭϭϯ͘ϮϬϲ ϴϮ͘ϲϰϰ ϭϭϰ͘ϱϭϯ
Ϭ͘ϴϯϴ ϭϭϰ͘ϵϲϮ ϭϬϭ͘ϰϲϮ ϭϭϰ͘ϲϮϰ
Ϭ͘ϵϵϱ ϭϬϳ͘ϰϭϯ ϭϭϴ͘ϯϭϰ ϭϭϯ͘ϮϰϮ
ϭ͘ϭϯϲ ϵϲ͘ϯϴϰ ϭϯϭ͘ϵϲϳ ϭϭϬ͘ϳϱϱ
ϭ͘ϮϮϳ ϴϯ͘ϲϴϵ ϭϯϵ͘ϱϭϳ ϭϬϴ͘ϰϯϭ
ϭ͘ϮϱϮ ϲϲ͘ϭϵϬ ϭϰϭ͘Ϯϭϭ ϭϬϳ͘ϰϮϲ
ϭϮϬŽ;ϮͿ
Ϭ͘ϭϴϵ ϭϰϴ͘ϱϰϮ Ϯϴ͘ϬϲϮ Ă
Ϭ͘ϯϴϳ ϭϭϴ͘Ϯϳϯ ϱϭ͘ϰϴϬ ϭϭϴ͘Ϯϳϯ
Ϭ͘ϱϳϰ ϭϭϱ͘ϵϮϬ ϳϯ͘ϮϭϬ ϭϭϳ͘ϭϮϵ
Ϭ͘ϳϵϲ ϭϭϭ͘ϱϰϵ ϵϳ͘ϵϲϰ ϭϭϱ͘ϬϵϬ
ϭ͘ϬϮϮ ϭϬϰ͘ϴϴϱ ϭϮϭ͘ϲϰϬ ϭϭϮ͘ϯϮϱ
ϭ͘ϭϴϲ ϴϱ͘ϯϬϭ ϭϯϱ͘ϲϮϳ ϭϬϳ͘ϴϴϭ
ϭ͘Ϯϭϲ ϳϰ͘Ϯϲϭ ϭϯϳ͘ϴϲϱ ϭϬϲ͘ϴϵϱ
ϭϮϬŽ;ϯͿ
Ϭ͘ϭϴϲ ϭϰϭ͘ϳϰϴ Ϯϲ͘ϰϯϱ Ă
Ϭ͘ϯϳϬ ϭϭϬ͘ϴϮϭ ϰϲ͘ϴϭϲ ϭϭϬ͘ϴϮϭ
Ϭ͘ϱϲϵ ϭϭϰ͘ϭϲϭ ϲϵ͘ϰϱϲ ϭϭϮ͘ϱϱϰ
Ϭ͘ϳϲϰ ϭϭϱ͘ϳϴϯ ϵϮ͘Ϭϴϰ ϭϭϯ͘ϲϰϳ
Ϭ͘ϵϱϵ ϭϬϳ͘ϭϰϰ ϭϭϮ͘ϵϲϮ ϭϭϮ͘ϬϬϲ
ϭ͘ϭϯϵ ϵϱ͘Ϯϴϲ ϭϯϬ͘Ϭϳϴ ϭϬϴ͘ϴϱϮ
ϭ͘ϮϬϰ ϴϬ͘ϮϬϰ ϭϯϱ͘ϯϭϮ ϭϬϳ͘Ϭϭϰ
ϭϮϬŽ;ϰͿ
Ϭ͘ϭϴϲ ϭϰϬ͘ϳϰϬ Ϯϲ͘Ϯϰϳ Ă
Ϭ͘ϯϴϴ ϭϭϰ͘ϴϵϰ ϰϵ͘ϰϮϬ ϭϭϰ͘ϴϵϰ
Ϭ͘ϱϵϰ ϭϭϳ͘ϳϵϴ ϳϯ͘ϲϴϴ ϭϭϲ͘ϯϲϭ
Ϭ͘ϳϴϱ ϭϭϬ͘ϮϬϯ ϵϰ͘ϲϳϬ ϭϭϰ͘ϰϬϭ
Ϭ͘ϵϲϳ ϭϬϮ͘ϴϬϲ ϭϭϯ͘ϰϮϰ ϭϭϭ͘ϲϵϭ
ϭ͘ϭϲϲ ϵϭ͘ϭϬϯ ϭϯϭ͘ϱϳϮ ϭϬϳ͘ϱϬϱ












ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϰϬŽ;ϭͿ   
Ϭ͘ϬϮϰ ϵϯ͘ϳϴϭ Ϯ͘ϮϬϴ ϵϯ͘ϳϴϭ
Ϭ͘ϬϲϬ ϵϮ͘ϳϵϵ ϱ͘ϲϬϯ ϵϯ͘ϭϴϰ
Ϭ͘ϭϬϵ ϵϯ͘Ϭϰϵ ϭϬ͘ϭϭϭ ϵϯ͘ϭϮϰ
Ϭ͘ϭϱϲ ϵϬ͘ϯϴϬ ϭϰ͘ϰϭϵ ϵϮ͘Ϯϴϳ
Ϭ͘ϮϬϮ ϵϭ͘ϲϳϴ ϭϴ͘ϲϱϴ ϵϮ͘ϭϰϴ
Ϭ͘Ϯϰϳ ϴϵ͘ϯϰϳ ϮϮ͘ϲϳϴ ϵϭ͘ϲϯϴ
Ϭ͘ϮϵϮ ϴϰ͘ϰϵϬ Ϯϲ͘ϰϮϱ ϵϬ͘ϱϱϮ
Ϭ͘ϯϯϱ ϳϭ͘ϰϯϰ Ϯϵ͘ϱϬϱ ϴϴ͘Ϭϵϭ
Ϭ͘ϯϴϱ ϲϭ͘ϴϭϰ ϯϮ͘ϱϳϭ ϴϰ͘ϳϬϭ
Ϭ͘ϰϯϰ ϲϬ͘ϳϭϯ ϯϱ͘ϱϱϴ ϴϭ͘ϵϴϭ
Ϭ͘ϰϴϭ ϱϵ͘ϯϯϰ ϯϴ͘ϯϰϭ ϳϵ͘ϳϳϬ
Ϭ͘ϱϮϳ ϲϭ͘ϮϬϭ ϰϭ͘ϭϱϬ ϳϴ͘ϭϱϮ
Ϭ͘ϱϲϱ ϱϳ͘ϲϱϱ ϰϯ͘ϯϳϰ ϳϲ͘ϳϱϯ
Ϭ͘ϱϵϱ ϱϯ͘Ϭϰϱ ϰϰ͘ϵϳϴ ϳϱ͘ϱϰϵ
Ϭ͘ϲϮϬ ϱϭ͘ϯϲϭ ϰϲ͘Ϯϰϰ ϳϰ͘ϱϴϳ
Ϭ͘ϲϰϮ ϱϮ͘ϱϰϬ ϰϳ͘ϰϬϭ ϳϯ͘ϴϯϭ
Ϭ͘ϲϲϲ ϱϬ͘Ϯϳϯ ϰϴ͘ϲϬϱ ϳϮ͘ϵϴϯ
Ϭ͘ϲϴϵ ϱϬ͘ϱϭϯ ϰϵ͘ϳϲϰ ϳϮ͘Ϯϯϱ
Ϭ͘ϳϭϮ ϱϬ͘ϭϵϰ ϱϬ͘ϵϭϮ ϳϭ͘ϱϮϳ
Ϭ͘ϳϮϵ ϰϵ͘ϭϱϱ ϱϭ͘ϳϰϲ ϳϭ͘ϬϬϲ
ϰϬŽ;ϮͿ
Ϭ͘Ϭϰϰ ϵϱ͘ϵϵϰ ϰ͘Ϯϰϳ ϵϱ͘ϵϵϰ
Ϭ͘Ϭϵϴ ϵϰ͘ϴϭϯ ϵ͘ϯϰϳ ϵϱ͘ϯϰϲ
Ϭ͘ϭϱϭ ϵϯ͘ϱϳϰ ϭϰ͘ϯϯϯ ϵϰ͘ϳϮϮ
Ϭ͘ϮϬϯ ϵϭ͘ϴϮϯ ϭϵ͘ϬϳϮ ϵϯ͘ϵϴϱ
Ϭ͘Ϯϱϯ ϵϬ͘ϱϬϴ Ϯϯ͘ϲϯϲ ϵϯ͘Ϯϵϯ
Ϭ͘ϯϬϰ ϴϬ͘ϵϵϰ Ϯϳ͘ϳϲϵ ϵϭ͘Ϯϯϭ
Ϭ͘ϯϱϵ ϲϱ͘ϱϴϮ ϯϭ͘ϯϲϵ ϴϳ͘ϯϭϮ
Ϭ͘ϰϭϲ ϲϮ͘ϲϯϭ ϯϰ͘ϵϮϴ ϴϯ͘ϵϰϭ
Ϭ͘ϰϳϬ ϲϭ͘ϳϲϲ ϯϴ͘Ϯϲϳ ϴϭ͘ϯϵϮ
Ϭ͘ϱϮϮ ϲϮ͘ϯϵϵ ϰϭ͘ϱϬϯ ϳϵ͘ϱϬϱ
Ϭ͘ϱϳϬ ϱϲ͘ϰϲϯ ϰϰ͘ϭϵϳ ϳϳ͘ϱϳϱ
Ϭ͘ϲϬϵ ϱϯ͘ϵϯϲ ϰϲ͘ϯϮϴ ϳϲ͘ϬϰϮ
Ϭ͘ϲϯϳ ϱϭ͘ϳϵϮ ϰϳ͘ϳϴϯ ϳϰ͘ϵϳϯ
Ϭ͘ϲϲϴ ϱϬ͘Ϯϯϵ ϰϵ͘ϯϰϲ ϳϯ͘ϴϮϮ
Ϭ͘ϲϵϱ ϰϵ͘ϵϭϵ ϱϬ͘ϲϴϯ ϳϮ͘ϵϬϮ
Ϭ͘ϳϮϬ ϰϵ͘ϵϰϱ ϱϭ͘ϵϮϲ ϳϮ͘ϭϬϴ









ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϴϬŽ;ϭͿ   
Ϭ͘ϬϮϰ ϵϲ͘ϱϭϬ Ϯ͘ϯϱϳ ϵϲ͘ϱϭϬ
Ϭ͘Ϭϱϵ ϵϵ͘ϱϯϱ ϱ͘ϴϮϭ ϵϴ͘Ϯϴϳ
Ϭ͘ϭϬϳ ϵϴ͘ϱϬϵ ϭϬ͘ϰϵϲ ϵϴ͘ϯϴϲ
Ϭ͘ϭϱϯ ϵϴ͘ϰϲϭ ϭϱ͘Ϭϲϯ ϵϴ͘ϰϬϵ
Ϭ͘ϭϵϵ ϵϵ͘Ϭϯϳ ϭϵ͘ϱϵϬ ϵϴ͘ϱϱϯ
Ϭ͘Ϯϰϯ ϵϲ͘ϴϳϳ Ϯϯ͘ϴϴϮ ϵϴ͘Ϯϰϴ
Ϭ͘Ϯϴϲ ϴϵ͘ϳϰϭ Ϯϳ͘ϳϰϳ ϵϲ͘ϵϲϳ
Ϭ͘ϯϮϳ ϳϮ͘ϭϯϮ ϯϬ͘ϳϬϱ ϵϯ͘ϴϱϰ
Ϭ͘ϯϳϮ ϱϴ͘Ϭϳϴ ϯϯ͘ϯϮϲ ϴϵ͘ϱϭϴ
Ϭ͘ϰϬϴ ϱϯ͘ϱϯϭ ϯϱ͘Ϯϱϯ ϴϲ͘ϯϰϱ
Ϭ͘ϰϯϮ ϱϬ͘ϭϮϴ ϯϲ͘ϰϱϬ ϴϰ͘ϯϰϯ
Ϭ͘ϰϯϵ ϰϯ͘ϵϲϬ ϯϲ͘ϳϰϲ ϴϯ͘ϳϮϯ
ϴϬŽ;ϮͿ
Ϭ͘ϬϮϲ ϵϲ͘ϭϲϬ Ϯ͘ϱϮϯ ϵϲ͘ϭϲϬ
Ϭ͘Ϭϲϴ ϵϴ͘ϰϰϱ ϲ͘ϲϳϲ ϵϳ͘ϱϲϵ
Ϭ͘ϭϭϰ ϵϵ͘ϭϬϰ ϭϭ͘ϮϮϯ ϵϴ͘ϭϴϱ
Ϭ͘ϭϲϭ ϵϴ͘ϬϮϳ ϭϱ͘ϴϮϰ ϵϴ͘ϭϯϵ
Ϭ͘ϮϬϰ ϵϴ͘ϴϰϲ ϮϬ͘Ϭϲϰ ϵϴ͘Ϯϴϴ
Ϭ͘Ϯϰϳ ϵϲ͘ϮϬϮ Ϯϰ͘ϭϲϰ ϵϳ͘ϵϮϳ
Ϭ͘Ϯϴϴ ϴϴ͘ϳϮϬ Ϯϳ͘ϴϰϵ ϵϲ͘ϲϬϭ
Ϭ͘ϯϮϴ ϳϮ͘ϯϰϲ ϯϬ͘ϳϰϴ ϵϯ͘ϲϰϭ
Ϭ͘ϯϲϴ ϱϲ͘ϯϲϬ ϯϮ͘ϵϴϮ ϴϵ͘ϲϮϳ
Ϭ͘ϰϬϲ ϱϭ͘ϳϱϲ ϯϰ͘ϵϰϵ ϴϲ͘ϬϴϬ
Ϭ͘ϰϮϳ ϰϵ͘ϴϰϬ ϯϱ͘ϵϵϳ ϴϰ͘Ϯϵϲ

















ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϭϮϬŽ;ϭͿ   
Ϭ͘ϬϮϳ ϭϬϲ͘Ϯϵϱ Ϯ͘ϴϭϵ ϭϬϲ͘Ϯϵϱ
Ϭ͘Ϭϲϲ ϭϬϲ͘ϳϱϱ ϲ͘ϵϵϳ ϭϬϲ͘ϱϲϵ
Ϭ͘ϭϬϴ ϭϬϯ͘ϲϴϮ ϭϭ͘ϯϱϮ ϭϬϱ͘ϰϰϯ
Ϭ͘ϭϱϮ ϭϬϮ͘Ϭϳϳ ϭϱ͘ϴϱϯ ϭϬϰ͘ϰϲϱ
Ϭ͘ϭϴϵ ϵϴ͘Ϯϭϱ ϭϵ͘ϱϰϯ ϭϬϯ͘ϮϮϱ
Ϭ͘ϮϮϴ ϵϬ͘ϵϬϲ Ϯϯ͘Ϭϯϲ ϭϬϭ͘ϭϰϲ
Ϭ͘Ϯϲϰ ϴϯ͘Ϭϯϯ Ϯϲ͘Ϭϲϵ ϵϴ͘ϲϰϯ
Ϭ͘Ϯϵϵ ϲϳ͘ϴϲϰ Ϯϴ͘ϰϯϰ ϵϱ͘Ϭϱϳ
Ϭ͘ϯϬϲ ϰϱ͘ϱϰϮ Ϯϴ͘ϳϱϳ ϵϯ͘ϵϭϬ
ϭϮϬŽ;ϮͿ
Ϭ͘ϬϯϬ ϭϬϰ͘ϭϱϯ ϯ͘ϭϱϰ ϭϬϰ͘ϭϱϯ
Ϭ͘Ϭϱϳ ϭϬϯ͘ϳϬϬ ϱ͘ϵϬϴ ϭϬϯ͘ϵϰϭ
Ϭ͘Ϭϴϳ ϭϬϭ͘ϯϮϬ ϴ͘ϵϮϮ ϭϬϯ͘Ϭϰϭ
Ϭ͘ϭϭϱ ϭϬϬ͘ϰϳϱ ϭϭ͘ϴϭϰ ϭϬϮ͘ϰϬϭ
Ϭ͘ϭϰϱ ϵϲ͘ϴϮϵ ϭϰ͘ϲϯϳ ϭϬϭ͘Ϯϳϳ
Ϭ͘ϭϳϱ ϵϲ͘ϯϯϲ ϭϳ͘ϱϱϮ ϭϬϬ͘ϰϮϭ
Ϭ͘ϮϬϲ ϵϰ͘ϳϳϭ ϮϬ͘ϱϭϮ ϵϵ͘ϱϲϱ
Ϭ͘Ϯϯϱ ϵϮ͘ϵϰϯ Ϯϯ͘Ϯϭϳ ϵϴ͘ϳϰϱ
Ϭ͘Ϯϲϰ ϴϭ͘ϵϯϮ Ϯϱ͘ϲϬϬ ϵϲ͘ϴϵϰ
Ϭ͘Ϯϵϭ ϳϬ͘Ϯϱϰ Ϯϳ͘ϰϴϳ ϵϰ͘ϰϯϲ
Ϭ͘ϯϬϳ ϲϬ͘ϱϮϮ Ϯϴ͘ϰϲϴ ϵϮ͘ϲϰϲ



















ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϰϬŽ;ϭͿ   
Ϭ͘ϬϮϳ ϴϰ͘ϴϵϮ Ϯ͘ϯϯϭ ϴϰ͘ϴϵϮ
Ϭ͘Ϭϲϴ ϴϲ͘ϭϭϵ ϱ͘ϴϯϯ ϴϱ͘ϲϮϰ
Ϭ͘ϭϮϭ ϴϯ͘ϴϯϬ ϭϬ͘Ϯϴϵ ϴϰ͘ϴϯϴ
Ϭ͘ϭϳϯ ϳϵ͘ϳϰϳ ϭϰ͘ϯϵϴ ϴϯ͘ϯϮϬ
Ϭ͘ϮϮϯ ϳϮ͘ϮϬϬ ϭϴ͘Ϭϭϳ ϴϬ͘ϴϮϬ
Ϭ͘Ϯϳϭ ϲϲ͘ϳϭϬ Ϯϭ͘Ϯϰϰ ϳϴ͘ϯϬϰ
Ϭ͘ϯϮϬ ϲϮ͘ϬϮϱ Ϯϰ͘ϮϰϬ ϳϱ͘ϴϰϰ
Ϭ͘ϯϳϰ ϱϵ͘ϴϴϯ Ϯϳ͘ϱϭϴ ϳϯ͘ϱϭϬ
Ϭ͘ϰϮϳ ϱϴ͘ϵϬϳ ϯϬ͘ϲϯϭ ϳϭ͘ϳϬϯ
Ϭ͘ϰϴϭ ϱϴ͘ϰϮϴ ϯϯ͘ϳϵϮ ϳϬ͘Ϯϭϭ
Ϭ͘ϱϯϭ ϱϴ͘ϮϮϬ ϯϲ͘ϲϳϳ ϲϵ͘ϬϵϮ
Ϭ͘ϱϳϵ ϱϳ͘ϰϲϴ ϯϵ͘ϰϱϭ ϲϴ͘ϭϮϯ
Ϭ͘ϲϮϲ ϱϳ͘ϲϵϵ ϰϮ͘ϭϳϯ ϲϳ͘ϯϯϴ
Ϭ͘ϲϴϬ ϱϱ͘ϵϬϭ ϰϱ͘ϭϳϬ ϲϲ͘ϰϯϲ
Ϭ͘ϳϯϮ ϱϯ͘ϳϱϯ ϰϳ͘ϵϴϲ ϲϱ͘ϱϮϵ
Ϭ͘ϳϲϱ ϱϯ͘ϱϲϮ ϰϵ͘ϳϰϬ ϲϱ͘Ϭϭϲ
Ϭ͘ϳϵϱ ϱϮ͘ϴϰϴ ϱϭ͘ϯϰϯ ϲϰ͘ϱϱϮ
Ϭ͘ϴϮϱ ϱϭ͘ϭϲϰ ϱϮ͘ϴϳϮ ϲϰ͘Ϭϲϴ
Ϭ͘ϴϱϮ ϰϵ͘ϰϵϴ ϱϰ͘ϮϬϳ ϲϯ͘ϲϬϳ
Ϭ͘ϴϳϯ ϰϲ͘ϱϬϱ ϱϱ͘ϭϵϮ ϲϯ͘ϭϵϮ
ϰϬŽ;ϮͿ
Ϭ͘ϬϯϮ ϴϲ͘Ϭϴϵ Ϯ͘ϳϮϵ ϴϲ͘Ϭϴϵ
Ϭ͘Ϭϳϳ ϴϳ͘ϭϳϬ ϲ͘ϲϰϬ ϴϲ͘ϳϮϯ
Ϭ͘ϭϯϱ ϴϰ͘ϭϳϳ ϭϭ͘ϱϯϯ ϴϱ͘ϲϮϰ
Ϭ͘ϭϵϭ ϳϳ͘ϴϰϮ ϭϱ͘ϵϱϬ ϴϯ͘ϯϭϳ
Ϭ͘Ϯϱϱ ϲϵ͘ϱϲϯ ϮϬ͘ϯϴϱ ϳϵ͘ϴϴϭ
Ϭ͘ϯϭϴ ϲϰ͘ϵϲϯ Ϯϰ͘ϰϰϮ ϳϲ͘ϵϰϴ
Ϭ͘ϯϴϲ ϲϭ͘ϰϭϯ Ϯϴ͘ϲϰϮ ϳϰ͘ϭϵϲ
Ϭ͘ϰϱϱ ϱϴ͘ϳϲϮ ϯϮ͘ϲϵϴ ϳϭ͘ϴϱϱ
Ϭ͘ϱϮϮ ϱϵ͘ϮϮϲ ϯϲ͘ϲϵϬ ϳϬ͘ϮϮϲ
Ϭ͘ϱϵϮ ϱϴ͘ϲϬϱ ϰϬ͘ϳϱϰ ϲϴ͘ϴϲϰ
Ϭ͘ϲϱϭ ϱϴ͘ϯϵϳ ϰϰ͘ϮϬϰ ϲϳ͘ϵϭϰ
Ϭ͘ϳϭϭ ϱϲ͘ϵϭϵ ϰϳ͘ϲϰϳ ϲϲ͘ϵϳϵ
Ϭ͘ϳϲϲ ϱϰ͘ϲϰϵ ϱϬ͘ϲϯϰ ϲϲ͘Ϭϵϵ
Ϭ͘ϴϬϴ ϱϰ͘ϭϮϯ ϱϮ͘ϴϵϬ ϲϱ͘ϰϴϭ
Ϭ͘ϴϰϰ ϱϮ͘ϬϵϬ ϱϰ͘ϳϵϱ ϲϰ͘ϵϬϭ
Ϭ͘ϴϳϵ ϰϳ͘ϯϲϴ ϱϲ͘ϰϱϲ ϲϰ͘ϮϬϮ









ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϴϬŽ;ϭͿ   
Ϭ͘Ϭϯϭ ϭϬϱ͘ϲϱϳ ϯ͘ϯϭϲ ϭϬϱ͘ϲϱϳ
Ϭ͘Ϭϳϴ ϵϵ͘ϴϳϭ ϴ͘Ϭϭϵ ϭϬϮ͘ϭϴϱ
Ϭ͘ϭϯϳ ϵϮ͘ϱϮϲ ϭϯ͘ϯϴϴ ϵϴ͘Ϭϳϵ
Ϭ͘ϭϴϳ ϴϰ͘ϰϲϬ ϭϳ͘ϲϱϴ ϵϰ͘ϯϵϴ
Ϭ͘Ϯϯϰ ϳϯ͘ϰϭϱ Ϯϭ͘ϭϭϱ ϵϬ͘ϭϳϵ
Ϭ͘Ϯϳϵ ϲϲ͘ϵϬϯ Ϯϰ͘ϭϮϳ ϴϲ͘ϰϮϲ
Ϭ͘ϯϮϬ ϲϯ͘Ϭϲϰ Ϯϲ͘ϳϯϭ ϴϯ͘ϰϭϱ
Ϭ͘ϯϲϲ ϱϵ͘ϴϳϴ Ϯϵ͘ϰϳϮ ϴϬ͘ϰϳϯ
Ϭ͘ϰϬϳ ϱϵ͘ϰϳϵ ϯϭ͘ϵϬϬ ϳϴ͘ϯϲϳ
Ϭ͘ϰϯϱ ϱϵ͘Ϭϵϲ ϯϯ͘ϱϮϯ ϳϳ͘ϭϱϬ
Ϭ͘ϰϱϯ ϱϰ͘ϭϰϰ ϯϰ͘ϱϭϱ ϳϲ͘Ϯϭϵ
Ϭ͘ϰϲϯ ϰϳ͘ϳϱϬ ϯϰ͘ϵϴϳ ϳϱ͘ϲϭϬ
ϴϬŽ;ϮͿ
Ϭ͘ϬϯϮ ϭϬϯ͘Ϯϳϳ ϯ͘Ϯϴϳ ϭϬϯ͘Ϯϳϳ
Ϭ͘Ϭϳϵ ϵϵ͘ϭϳϯ ϳ͘ϵϴϴ ϭϬϬ͘ϴϮϮ
Ϭ͘ϭϯϯ ϵϯ͘ϴϴϴ ϭϯ͘ϬϳϮ ϵϴ͘ϬϬϲ
Ϭ͘ϭϴϰ ϴϱ͘ϳϲϱ ϭϳ͘ϰϰϯ ϵϰ͘ϲϮϮ
Ϭ͘ϮϮϳ ϳϴ͘ϮϬϴ ϮϬ͘ϴϭϱ ϵϭ͘ϱϭϬ
Ϭ͘Ϯϳϰ ϲϲ͘ϴϯϱ Ϯϯ͘ϵϭϰ ϴϳ͘ϯϯϯ
Ϭ͘ϯϮϭ ϲϯ͘Ϯϲϰ Ϯϲ͘ϵϮϱ ϴϯ͘ϳϲϵ
Ϭ͘ϯϲϰ ϲϬ͘Ϯϳϴ Ϯϵ͘ϰϳϮ ϴϭ͘ϬϰϬ
Ϭ͘ϰϬϱ ϱϴ͘ϲϬϯ ϯϭ͘ϴϳϮ ϳϴ͘ϳϲϴ
Ϭ͘ϰϯϴ ϱϴ͘ϭϯϭ ϯϯ͘ϴϮϰ ϳϳ͘ϭϴϳ

















ɲ Ͳȴ,ĚŝĨĨ Ͳȴ,ŝŶƚ Ͳȴ,ŝŶƚ
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ Ŭ:͘;ŵŽůĂŵŝŶĞͿͲϭ Ŭ:͘;ŵŽůKϮͿͲϭ
ϭϮϬŽ;ϭͿ   
Ϭ͘Ϭϯϭ ϭϬϲ͘Ϯϱϵ ϯ͘Ϯϳϴ ϭϬϲ͘Ϯϱϵ
Ϭ͘Ϭϲϭ ϭϬϱ͘ϲϬϴ ϲ͘ϰϰϰ ϭϬϱ͘ϵϯϴ
Ϭ͘Ϭϵϭ ϵϳ͘ϵϬϭ ϵ͘ϯϵϭ ϭϬϯ͘Ϯϳϳ
Ϭ͘ϭϮϬ ϵϵ͘Ϯϳϰ ϭϮ͘Ϯϵϴ ϭϬϮ͘ϯϬϮ
Ϭ͘ϭϰϵ ϵϲ͘ϱϱϱ ϭϱ͘Ϭϯϰ ϭϬϭ͘ϮϬϲ
Ϭ͘ϭϳϱ ϵϮ͘Ϯϴϭ ϭϳ͘ϱϭϰ ϵϵ͘ϴϯϵ
Ϭ͘ϮϬϲ ϳϵ͘Ϭϭϲ ϭϵ͘ϵϱϯ ϵϲ͘ϳϮϯ
Ϭ͘ϮϮϯ ϲϳ͘Ϯϳϯ Ϯϭ͘ϭϬϵ ϵϰ͘ϰϱϵ
Ϭ͘ϮϯϬ ϰϵ͘ϭϳϳ Ϯϭ͘ϰϮϯ ϵϯ͘ϭϵϵ
ϭϮϬŽ;ϮͿ
Ϭ͘ϬϯϬ ϭϬϵ͘ϯϱϬ ϯ͘Ϯϳϭ ϭϬϵ͘ϯϱϬ
Ϭ͘ϬϲϮ ϭϬϲ͘ϰϰϳ ϲ͘ϲϲϲ ϭϬϳ͘ϴϱϮ
Ϭ͘Ϭϵϲ ϵϵ͘ϴϳϮ ϭϬ͘Ϭϳϭ ϭϬϱ͘Ϭϭϱ
Ϭ͘ϭϮϴ ϭϬϮ͘ϰϯϮ ϭϯ͘ϯϰϱ ϭϬϰ͘ϯϳϬ
Ϭ͘ϭϲϯ ϵϲ͘Ϭϱϭ ϭϲ͘ϲϳϱ ϭϬϮ͘ϱϵϱ
Ϭ͘ϭϵϱ ϴϭ͘ϰϯϱ ϭϵ͘ϯϭϴ ϵϵ͘ϬϳϮ
Ϭ͘ϮϮϬ ϲϰ͘ϭϮϲ ϮϬ͘ϵϮϭ ϵϱ͘ϭϬϮ












Ž ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŬWĂ  ǀŽůй͘;ǀŽůйͿ
Ͳϭ ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŬWĂ  ǀŽůй͘;ǀŽůйͿ
Ͳϭ
ϰϬ;ϭͿ Ϭ͘ϳϮϵ Ϯϲϱ͘ϲ ϭ Ͳ Ϭ͘ϴϳϯ Ϯϯϱ͘ϵ ϭ Ͳ
ϰϬ;ϮͿ Ϭ͘ϳϰϯ Ϯϴϴ͘ϭ ϭ Ͳ Ϭ͘ϵϬϭ Ϯϲϲ͘ϵ ϭ Ͳ
ϴϬ;ϭͿ Ϭ͘ϰϯϵ ϱϱϲ͘ϲ Ϯ ϱϬͬϱϬ Ϭ͘ϰϲϯ ϱϲϴ͘ϵ ϭ Ͳ
ϴϬ;ϮͿ Ϭ͘ϰϯϳ ϱϰϯ͘ϭ Ϯ ϱϬ͘Ϯͬϰϵ͘ϴ Ϭ͘ϰϱϳ ϱϱϬ͘ϵ ϭ Ͳ
ϭϮϬ;ϭͿ Ϭ͘ϯϬϲ ϱϴϵ͘Ϯ Ϯ ϲϰ͘ϯͬϯϱ͘ϳ Ϭ͘ϮϯϬ ϱϴϮ͘ϵ Ϯ ϲϳ͘ϭͬϯϮ͘ϵ


















ĞŵŝƚƚŝŶŐ ƉŽŝŶƚ ƐŽƵƌĐĞƐ ĂƌĞ ŝƌŽŶ ĂŶĚ ƐƚĞĞů ŝŶĚƵƐƚƌǇ͕ ĐĞŵĞŶƚ ƉƌŽĚƵĐƚŝŽŶ ƉůĂŶƚƐ͕ ƌĞĨŝŶĞƌŝĞƐ͕ ŶĂƚƵƌĂů ŐĂƐ
ƉƌŽĐĞƐƐŝŶŐƉůĂŶƚƐ͕ĂŶĚƉĞƚƌŽĐŚĞŵŝĐĂůƐƉƌŽĚƵĐƚŝŽŶƉůĂŶƚƐ͘ϯĂƌďŽŶĐĂƉƚƵƌĞĂŶĚƐƚŽƌĂŐĞ;^ͿŝƐĐŽŶƐŝĚĞƌĞĚ
ĂƐ Ă ƉŽƚĞŶƚŝĂů ƐŽůƵƚŝŽŶ ƚŽ ƌĞĚƵĐĞ ƚŚĞ KϮ ĞŵŝƐƐŝŽŶƐ ĂŶĚ ƚŽ ŵŝƚŝŐĂƚĞ ƚŚĞ ĐůŝŵĂƚĞ ĐŚĂŶŐĞ͘ϰ ŵŽŶŐ ƚŚĞ
ĂǀĂŝůĂďůĞ^ ƚĞĐŚŶŽůŽŐŝĞƐ͕ ƚŚĞĂŵŝŶĞďĂƐĞĚĂďƐŽƌƉƚŝŽŶͲĚĞƐŽƌƉƚŝŽŶ ĐĂƉƚƵƌĞƉƌŽĐĞƐƐ ŝƐ ĐŽŶƐŝĚĞƌĞĚĂƐ ƚŚĞ
ŵŽƐƚŵĂƚƵƌĞƚĞĐŚŶŽůŽŐǇĚƵĞƚŽŝƚƐĞǆƚĞŶƐŝǀĞƵƐĞŝŶĚŝĨĨĞƌĞŶƚŝŶĚƵƐƚƌŝĂůĂƉƉůŝĐĂƚŝŽŶƐƵĐŚĂƐĂĐŝĚŐĂƐƌĞŵŽǀĂů
ĨƌŽŵ ŶĂƚƵƌĂů ŐĂƐ͘ϱ dŚŝƐ ƚĞĐŚŶŽůŽŐǇ ĐĂŶ ďĞ ƌĞƚƌŽĨŝƚƚĞĚ ƚŽ ƚŚĞ ĞǆŝƐƚŝŶŐ ƉŽǁĞƌ ŐĞŶĞƌĂƚŝŽŶ ƉůĂŶƚƐ͕ ĂŶĚ ƚŚĞ
ƚĞĐŚŶŽͲĞĐŽŶŽŵŝĐ ĨĞĂƐŝďŝůŝƚǇ ƐƚƵĚŝĞƐ ŝŶĚŝĐĂƚĞ ƚŚĂƚ ƚŚĞ ƚĞĐŚŶŽůŽŐǇ ǁŝůů ƌĞŵĂŝŶ ĐŽŵƉĞƚŝƚŝǀĞ ŝŶ ƚŚĞ ĐŽŵŝŶŐ
ĨƵƚƵƌĞ͘ϲ͕ϳ,ŽǁĞǀĞƌ͕ƚŚĞŵĂũŽƌĐŚĂůůĞŶŐĞǁŝƚŚƚŚĞĂŵŝŶĞƐĐƌƵďďŝŶŐ ŝƐƚŚĞŚŝŐŚĞŶĞƌŐǇƌĞƋƵŝƌĞŵĞŶƚƐŽĨƚŚĞ
ƉƌŽĐĞƐƐ͘ϴ dĞĐŚŶŝĐĂů ŝŵƉƌŽǀĞŵĞŶƚƐ ŝŶ ƚŚĞ ĐĂƉƚƵƌĞ ƉƌŽĐĞƐƐ ĂŶĚ ŝŵƉƌŽǀĞĚ ƉƌŽĐĞƐƐ ĚĞƐŝŐŶ ĂƌĞ ŽŶĞǁĂǇ ƚŽ




ƐƵĐŚ ĂƐ ƉƌŝŵĂƌǇ ;ŵŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ͕ DͿ͕ ƐĞĐŽŶĚĂƌǇ ;ĚŝĞƚŚĂŶŽůĂŵŝŶĞ͕ Ϳ͕ ĂŶĚ ƚĞƌƚŝĂƌǇ
;ƚƌŝĞƚŚĂŶŽůĂŵŝŶĞ͕ d͕ ĂŶĚ ŵĞƚŚǇůĚŝĞƚŚĂŶŽůĂŵŝŶĞ͕ DͿ ĂůŬĂŶŽůĂŵŝŶĞƐ͕ϱ ;ďͿ ĂƋƵĞŽƵƐ ĂŵŝŶĞ ďůĞŶĚƐ
;ƚĞƌƚŝĂƌǇĂŵŝŶĞďůĞŶĚĞĚǁŝƚŚƉƌŝŵĂƌǇŽƌƐĞĐŽŶĚĂƌǇĂŵŝŶĞƐĂƐĂƉƌŽŵŽƚĞƌƐƵĐŚĂƐDнDĂŶĚн
DͿϭϬ ƚŽ ĞǆƉůŽŝƚ ƚŚĞ ĨĂǀŽƌĂďůĞ ƉƌŽƉĞƌƚŝĞƐ ŽĨ ĚŝĨĨĞƌĞŶƚ ƚǇƉĞƐ ŽĨ ĂŵŝŶĞƐ͕ ĂŶĚ ;ĐͿ ƐƚĞƌŝĐĂůůǇ ŚŝŶĚĞƌĞĚ
ĂŵŝŶĞƐϭϭ ĂŶĚ ĐǇĐůŝĐ ĂŵŝŶĞ ;Ğ͘Ő͕͘ ƉŝƉĞƌĂǌŝŶĞͿϭϮ ďŽƚŚ ĂƐ ƐŝŶŐůĞ ĂƋƵĞŽƵƐ ƐŽůƵƚŝŽŶƐϭϯͲϭϱ Žƌ ĂƐ Ă ďůĞŶĚŽĨ ďŽƚŚ
ƚŽŐĞƚŚĞƌϭϲͲϭϴŽƌĂďůĞŶĚŽĨĞĂĐŚǁŝƚŚŽƚŚĞƌĂŵŝŶĞƐ͘ϭϵͲϮϭKŶĞŽĨƚŚĞďĂƐŝĐƉƵƌƉŽƐĞƐŽĨƚŚĞƐĞĂŶĚŵĂŶǇŽƚŚĞƌ
ƐƚƵĚŝĞƐ ƌĞƉŽƌƚĞĚ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ ŝƐ ƚŽ ŐĞƚ ƚŚĞ ďĞƐƚ ƐŽůǀĞŶƚ ƐǇƐƚĞŵǁŝƚŚ ƚŚĞ ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ŽĨ ŚŝŐŚ KϮ
ůŽĂĚŝŶŐ ĂŶĚ ĐǇĐůŝĐ ĐĂƉĂĐŝƚǇ͕ ĨĂƐƚ ƌĞĂĐƚŝŽŶ ŬŝŶĞƚŝĐƐ͕ ůŽǁ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ͕ ůŽǁ ƚŚĞƌŵĂů ĂŶĚ ĐŚĞŵŝĐĂů
ĚĞŐƌĂĚĂƚŝŽŶ͕ ůŽǁ ĐŽƌƌŽƐŝŽŶ ƚĞŶĚĞŶĐǇ͕ ĞŶǀŝƌŽŶŵĞŶƚĂůůǇ ďĞŶŝŐŶ͕ ĂŶĚ ƉŽƐƐŝďŝůŝƚǇ ŽĨ ŽƉĞƌĂƚŝŶŐ Ăƚ ĞůĞǀĂƚĞĚ
ĚĞƐŽƌďĞƌƉƌĞƐƐƵƌĞƐĞƚĐ͘,ŝŐŚĞƋƵŝůŝďƌŝƵŵƚĞŵƉĞƌĂƚƵƌĞƐĞŶƐŝƚŝǀŝƚǇŝƐĂůƐŽĂĚǀĂŶƚĂŐĞŽƵƐǁŚŝĐŚĐĂŶƌĞĚƵĐĞƚŚĞ
ƐƚƌŝƉƉŝŶŐƐƚĞĂŵƌĞƋƵŝƌĞŵĞŶƚŝŶƚŚĞĚĞƐŽƌďĞƌ͘ϮϮ
 ŶĞǁ ŐĞŶĞƌĂƚŝŽŶ ŽĨŵŝǆĞĚ ĂŵŝŶĞ ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐŚĂƐ ƌĞĐĞŶƚůǇ ƌĞĐĞŝǀĞĚ ĂƚƚĞŶƚŝŽŶǁŚŝĐŚ ĐĂŶ ĨŽƌŵ ƚǁŽ
ůŝƋƵŝĚƉŚĂƐĞƐĞ͘Ő͕͘ ƚŚĞ ƚŚĞƌŵŽŵŽƌƉŚŝĐďŝƉŚĂƐŝĐ ƐŽůǀĞŶƚƐ ;d^Ϳ ƐǇƐƚĞŵƐϮϯĂŶĚ ƚŚĞDyƉƌŽĐĞƐƐ͘Ϯϰ͕Ϯϱ /Ŷ ƚŚĞ
DyƉƌŽĐĞƐƐďǇ/&WE͕ƚŚĞƐŽůǀĞŶƚƐĨŽƌŵƚǁŽŝŵŵŝƐĐŝďůĞƉŚĂƐĞƐĂĨƚĞƌKϮĂďƐŽƌƉƚŝŽŶĂŶĚŽŶůǇƚŚĞKϮƌŝĐŚ
ƉŚĂƐĞŝƐƐĞŶƚƚŽƐƚƌŝƉƉĞƌĨŽƌƌĞŐĞŶĞƌĂƚŝŽŶǁŚĞƌĞĂƐƚŚĞKϮůĞĂŶƉŚĂƐĞŝƐƐĞŶƚďĂĐŬƚŽƚŚĞĂďƐŽƌďĞƌǁŝƚŚŽƵƚ











ďĞĐŽŵĞŽŶĞ ůŝƋƵŝĚƉŚĂƐĞĂŐĂŝŶĚƵƌŝŶŐĂďƐŽƌƉƚŝŽŶ͘ ůŽǁĞƌƐŽůǀĞŶƚƌĞŐĞŶĞƌĂƚŝŽŶƚĞŵƉĞƌĂƚƵƌĞ ŝƐƚŚĞŵĂŝŶ
ĂĚǀĂŶƚĂŐĞ ŽĨ ƚŚĞƐĞ ƐǇƐƚĞŵƐ ǁŚŝĐŚ ĐĂŶ ďĞ ĚŽŶĞ ǁŝƚŚŽƵƚ ƚŚĞ ƵƐĞ ŽĨ ƐƚĞĂŵ͘Ϯϲ͕Ϯϳ /Ŷ ƚŚŝƐ ǁŽƌŬ Ă ďůĞŶĚ ŽĨ
ĂŵŝŶĞƐ͕ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů;ͿĂŶĚϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ;DWͿ͕ŝƐƵŶĚĞƌŝŶǀĞƐƚŝŐĂƚŝŽŶ͘
dŚŝƐ ƐǇƐƚĞŵ ŚĂƐ ƚŚĞ ĐŚĂƌĂĐƚĞƌŝƐƚŝĐƐ ŽĨ ďŝƉŚĂƐŝĐ ůŝƋƵŝĚͲůŝƋƵŝĚ ƉŚĂƐĞ ĐŚĂŶŐĞ ƐŽůǀĞŶƚƐ͘ DW ŝƐ Ă ĚŝĂŵŝŶĞ
ŚĂǀŝŶŐĂƉƌŝŵĂƌǇĂŶĚĂƐĞĐŽŶĚĂƌǇĂŵŝŶĞĨƵŶĐƚŝŽŶĂůŐƌŽƵƉǁŚĞƌĞĂƐŝƐĂƚĞƌƚŝĂƌǇĂůŬĂŶŽůĂŵŝŶĞ͘
dŚĞĞƋƵŝůŝďƌŝƵŵƐŽůƵďŝůŝƚǇĚĂƚĂŽĨKϮŝŶĂƋƵĞŽƵƐĂŵŝŶĞƐŽůƵƚŝŽŶƐĂƌĞĞƐƐĞŶƚŝĂůĨŽƌƚŚĞĚĞƐŝŐŶĂŶĚŵŽĚĞůŝŶŐ
ŽĨ ƚŚĞ ĂďƐŽƌƉƚŝŽŶͲĚĞƐŽƌƉƚŝŽŶ ĐĂƉƚƵƌĞ ƉƌŽĐĞƐƐĞƐ͘ ^ƵĐŚ ĚĂƚĂ ĂƌĞ ŐĞŶĞƌĂůůǇŵĞĂƐƵƌĞĚ ďǇ ƵƐŝŶŐ ĞƋƵŝůŝďƌŝƵŵ
ĐĞůůƐ͘ǆƚĞŶƐŝǀĞKϮƐŽůƵďŝůŝƚǇĚĂƚĂĂƌĞĂǀĂŝůĂďůĞŝŶƚŚĞůŝƚĞƌĂƚƵƌĞĨŽƌǀĂƌŝŽƵƐĂŵŝŶĞƐǇƐƚĞŵƐŵĞĂƐƵƌĞĚǁŝƚŚ
ĚŝĨĨĞƌĞŶƚ ĞƋƵŝůŝďƌŝƵŵ ĐĞůůƐ͘ϮϴͲϯϮ dŚĞƐĞ ĚĂƚĂ ĂƌĞ ŐĞŶĞƌĂůůǇ ŵĞĂƐƵƌĞĚ ďǇ ƵƐŝŶŐ ĞŝƚŚĞƌ ƐƚĂƚŝĐ Žƌ ĚǇŶĂŵŝĐ
;ĐŝƌĐƵůĂƚŝŽŶͿŵĞƚŚŽĚƐ͘ϯϯ/ŶƚŚĞƐƚĂƚŝĐŵĞƚŚŽĚ͕ĂŶĂŵŝŶĞƐŽůƵƚŝŽŶŽĨŬŶŽǁŶǁĞŝŐŚƚŝƐƚĂŬĞŶŝŶƚŚĞĞƋƵŝůŝďƌŝƵŵ
ĐĞůů͕ KϮ ŝƐ ŝŶũĞĐƚĞĚ͕ ĂŶĚ ƚŚĞ ƐǇƐƚĞŵ ŝƐ ĂůůŽǁĞĚ ƚŽ ƌĞĂĐŚ ƚŚĞ ĞƋƵŝůŝďƌŝƵŵ͘ tŚĞŶ ƚŚĞ ĞƋƵŝůŝďƌŝƵŵ ŝƐ
ĞƐƚĂďůŝƐŚĞĚ͕ ƚŚĞ ĞƋƵŝůŝďƌŝƵŵ ƉƌĞƐƐƵƌĞ ŝƐ ƌĞĐŽƌĚĞĚ ĂŶĚ ĐŽŵƉŽƐŝƚŝŽŶƐ ŽĨ ƚŚĞ ƚǁŽ ƉŚĂƐĞƐ ;ůŝƋƵŝĚ ĂŶĚ ŐĂƐ
ƉŚĂƐĞƐͿĂƌĞĂŶĂůǇǌĞĚĨŽƌKϮĐŽŶƚĞŶƚ͘/ŶƚŚĞĚǇŶĂŵŝĐŽƌĐŝƌĐƵůĂƚŝŽŶŵĞƚŚŽĚ͕ƚŚĞĂŵŝŶĞƐŽůƵƚŝŽŶŝƐƚĂŬĞŶŝŶ




ƚŚĞ ƐǇƐƚĞŵ ŝƐ ƌĞĐŽƌĚĞĚĂŶĚ ƚŚĞKϮƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞ ŝƐ ĐĂůĐƵůĂƚĞĚ ĨƌŽŵƚŚĞĚŝĨĨĞƌĞŶĐĞďĞƚǁĞĞŶ ƚŚĞ ƚŽƚĂů
ƉƌĞƐƐƵƌĞĂŶĚƚŚĞĞƋƵŝůŝďƌŝƵŵƉƌĞƐƐƵƌĞďĞĨŽƌĞŝŶƚƌŽĚƵĐŝŶŐĂŶǇKϮŝŶƚŚĞƐǇƐƚĞŵ͘ϯϯĂůŽƌŝŵĞƚĞƌƐŚĂǀĞƌĂƌĞůǇ
ďĞĞŶ ƵƐĞĚ ĨŽƌ ƚŚĞ ƐŽůƵďŝůŝƚǇŵĞĂƐƵƌĞŵĞŶƚƐ͘ yƵ ĂŶĚ ZŽĐŚĞůůĞ ƉƌĞƐĞŶƚĞĚ ƚŽƚĂů ƉƌĞƐƐƵƌĞŵĞĂƐƵƌĞŵĞŶƚƐ ŝŶ









ĂŶĚ ƚŚĞŝƌŵŝǆƚƵƌĞƐ͘ dŚĞ ƐĞůĞĐƚĞĚ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞ ŽĨ ƚŚĞ ĂƋƵĞŽƵƐ ĂŵŝŶĞŵŝǆƚƵƌĞƐ ŐŝǀĞƐ ůŝƋƵŝĚͲůŝƋƵŝĚ




















 ƐĐŚĞŵĂƚŝĐ ĚŝĂŐƌĂŵ ŽĨ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ƐĞƚƵƉ ŝƐ ƐŚŽǁŶ ŝŶ &ŝŐƵƌĞ ϰ͘ϭ͘ dŚĞ ĞƋƵŝƉŵĞŶƚ ĚĞƚĂŝůƐ ĂŶĚ ƚŚĞ





































ŚĞŵŝ^ĞŶƐ ͕ ^ǁĞĚĞŶͿ͕ ǁŝƚŚ Ă ƌĞĂĐƚŽƌ ǀŽůƵŵĞ ŽĨ ϮϬϬϬ Đŵϯ͕ ĐŽŶŶĞĐƚĞĚ ƚŽ ƚǁŽ KϮ ƐƚŽƌĂŐĞ ĐǇůŝŶĚĞƌƐ
;ƉůĂĐĞĚ ŝŶ Ă ƚŚĞƌŵŽƐƚĂƚŝĐǁĂƚĞƌďĂƚŚͿ ƚŚƌŽƵŐŚĂƉƌĞĐĂůŝďƌĂƚĞĚŵĂƐƐ ĨůŽǁĐŽŶƚƌŽůůĞƌ͕ ĂŵŝŶĞ ƐŽůƵƚŝŽŶ ĨĞĞĚ













ƉƌĞƐƐƵƌĞ ďĞĨŽƌĞ ĨĞĞĚŝŶŐ ĂŶǇ KϮ ŝŶƚŽ ƚŚĞ ƌĞĂĐƚŽƌǁĂƐ ƚŚĞ ƐƵŵŽĨ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞƐ ŽĨ ĂŵŝŶĞ ĂŶĚǁĂƚĞƌ
ǀĂƉŽƌƐĂŶĚƌĞƉƌĞƐĞŶƚĞĚĂƐ 3 ͘dŚĞŶĂŬŶŽǁŶƐŵĂůůĂŵŽƵŶƚŽĨKϮ;Ϭ͘ϭͲϬ͘ϯŵŽůͿǁĂƐĨĞĚƚŽƚŚĞƌĞĂĐƚŽƌďǇ
ƌĞĐŽƌĚŝŶŐ ƚŚĞƉƌĞƐƐƵƌĞĚŝĨĨĞƌĞŶĐĞ ŝŶ ƚŚĞKϮ ƐƚŽƌĂŐĞĐǇůŝŶĚĞƌƐ ;ƚŚĞWĞŶŐͲZŽďŝŶƐŽŶĞƋƵĂƚŝŽŶŽĨ ƐƚĂƚĞǁĂƐ
ƵƐĞĚƚŽĐĂůĐƵůĂƚĞƚŚĞĂŵŽƵŶƚŽĨKϮĨĞĚƚŽƚŚĞƌĞĂĐƚŽƌͿ͘dŚĞĞǆŽƚŚĞƌŵŝĐƌĞĂĐƚŝŽŶďĞƚǁĞĞŶKϮĂŶĚĂŵŝŶĞ
ƐŽůƵƚŝŽŶƉƌŽĚƵĐĞĚŚĞĂƚĂŶĚ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ŝŶĐƌĞĂƐĞĚ ŝŶƐŝĚĞ ƚŚĞ ƌĞĂĐƚŽƌ͕ǁŚŝĐŚǁĂƐŬĞƉƚ ƚŽ ŝƐŽƚŚĞƌŵĂů
ĐŽŶĚŝƚŝŽŶƐďǇƚŚĞƚŚĞƌŵŽƐƚĂƚŝĐũĂĐŬĞƚŽĨƚŚĞƌĞĂĐƚŽƌ͘dŚĞƐǇƐƚĞŵƌĞĂĐŚĞĚƚŽĂŶĞǁĞƋƵŝůŝďƌŝƵŵŝŶϲϬͲϵϬŵŝŶ͘
dŚĞŶĞǁĞƋƵŝůŝďƌŝƵŵƚŽƚĂůƉƌĞƐƐƵƌĞǁĂƐĂůƐŽƌĞĐŽƌĚĞĚ͕ǁŚŝĐŚŝƐƚŚĞƐƵŵŽĨƉĂƌƚŝĂůƉƌĞƐƐƵƌĞƐŽĨKϮ͕ĂŵŝŶĞ͕
ĂŶĚ ǁĂƚĞƌ ǀĂƉŽƌƐ͕ ƌĞƉƌĞƐĞŶƚĞĚ ĂƐ W3 ͘ dŚĞ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞ ŽĨ KϮ ; &23 Ϳ ǁĂƐ ƚŚĞŶ ĐĂůĐƵůĂƚĞĚ ĨƌŽŵ ƚŚĞ
ĚŝĨĨĞƌĞŶĐĞďĞƚǁĞĞŶƚŚĞƚǁŽƚŽƚĂůƉƌĞƐƐƵƌĞƐĂƐ
 &2 W3 3 3  ͘KϮǁĂƐĐŽŶƚŝŶƵŽƵƐůǇĨĞĚƚŽƚŚĞƌĞĂĐƚŽƌƵŶƚŝů
ƚŚĞĂŵŝŶĞƐŽůƵƚŝŽŶǁĂƐ ĨƵůůǇ ƐĂƚƵƌĂƚĞĚ͘dŚĞĐŽƌƌĞƐƉŽŶĚŝŶŐKϮƉĂƌƚŝĂůƉƌĞƐƐƵƌĞƐǁĞƌĞĂůƐŽĐĂůĐƵůĂƚĞĚ ĨŽƌ
ĞĂĐŚ KϮ ĨĞĞĚŝŶŐ ĐǇĐůĞ ďǇ ĂƐƐƵŵŝŶŐ ƚŚĂƚ ƚŚĞ 3  ƌĞŵĂŝŶĞĚ ĐŽŶƐƚĂŶƚ ƚŚƌŽƵŐŚŽƵƚ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚ͘ ůů ƚŚĞ

















































































&23 ĨƌŽŵƚŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂͿ͕цϬ͘ϳйĨŽƌ WRWDO3 
ƌĂŶŐŝŶŐďĞƚǁĞĞŶϱϭͲϭϬϬŬWĂ ;ǁŝƚŚĐŽƌƌĞƐƉŽŶĚŝŶŐƵŶĐĞƌƚĂŝŶƚǇŽĨцϭ͘ϳй ĨŽƌ



























&Žƌ ͕ ƚŚĞ ĞƋƵŝůŝďƌŝƵŵ ƚŽƚĂů ƉƌĞƐƐƵƌĞƐ ǁĞƌĞŵĞĂƐƵƌĞĚ ŝŶ ϱD ;Ε ϲϭ͘ϭŵĂƐƐ йͿ  ƐŽůƵƚŝŽŶƐ ĂƐ Ă
ĨƵŶĐƚŝŽŶŽĨKϮůŽĂĚŝŶŐŝŶƚŚĞƚĞŵƉĞƌĂƚƵƌĞƌĂŶŐĞŽĨϰϬͲϭϮϬŽ͘dŚĞƌĞƐƵůƚƐĂƌĞƉƌĞƐĞŶƚĞĚŝŶdĂďůĞϰ͘Ϯ͘dŽƚĂů
ƉƌĞƐƐƵƌĞ ĚĂƚĂŵĞĂƐƵƌĞĚ ŝŶ ƚŚŝƐ ǁŽƌŬ ĂƐ Ă ĨƵŶĐƚŝŽŶ ŽĨ KϮ ůŽĂĚŝŶŐ ǁĞƌĞ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ƚŚĞ ĚĂƚĂ ĨƌŽŵ
DŽŶƚĞŝƌŽĞƚĂů͕͘ϯϵĂƐƐŚŽǁŶŝŶ&ŝŐƵƌĞϰ͘ϰ͘dŚĞƚǁŽƐĞƚƐŽĨĚĂƚĂĂƌĞŝŶŐŽŽĚĂŐƌĞĞŵĞŶƚ͘dŚĞĚĂƚĂŵĞĂƐƵƌĞĚŝŶ































































































dŚĞ ĞƋƵŝůŝďƌŝƵŵ ƚŽƚĂů ƉƌĞƐƐƵƌĞŵĞĂƐƵƌĞŵĞŶƚƐǁĞƌĞ ƉĞƌĨŽƌŵĞĚ ĨŽƌ ƚǁŽ ĚŝĨĨĞƌĞŶƚ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͕ ϮD ;Ε





DW͕ďĞŝŶŐĂĚŝĂŵŝŶĞ͕ƐŚŽǁƐĂǀĞƌǇŚŝŐŚKϮ ůŽĂĚŝŶŐĐĂƉĂĐŝƚǇ ĨŽƌďŽƚŚƚŚĞƚĞƐƚĞĚĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ;ϮD
ĂŶĚϭDͿĂƚ ϰϬ Ž͘ /ƚ ĂůƐŽŐŝǀĞƐŚŝŐŚKϮ ůŽĂĚŝŶŐ ĐĂƉĂĐŝƚǇ Ăƚ ϭϮϬ ŽǁŚŝĐŚ ƌĞƐƵůƚƐ ŝŶ ƌĞůĂƚŝǀĞůǇ ůŽǁĐǇĐůŝĐ
ĐĂƉĂĐŝƚǇ ĨŽƌDWĐŽŵƉĂƌĞĚ ƚŽ ƚŚĂƚŽĨ͘DWŚĂƐŚŝŐŚŚĞĂƚƐŽĨĂďƐŽƌƉƚŝŽŶϯϳĂŶĚ ƚŚŝƐ ĐĂŶ ůĞĂĚ ƚŽ

















































ĨŝƌƐƚ ŝŶ ƚŚĞ ĂƋƵĞŽƵƐ ĂŵŝŶĞ ŵŝǆƚƵƌĞƐ ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĂƚ ŽĨ  ;ƐůŽǁ ƌĞĂĐƚŝŽŶ ŬŝŶĞƚŝĐƐͿ͕ Ă ƚĞƌƚŝĂƌǇ
ĂůŬĂŶŽůĂŵŝŶĞ͘dŚŝƐĐĂŶďĞŽďƐĞƌǀĞĚŝŶƚŚĞƌĞƐƵůƚƐŽĨKϮƉĂƌƚŝĂůƉƌĞƐƐƵƌĞƐĂŐĂŝŶƐƚůŽĂĚŝŶŐĂƚϰϬŽŝŶ&ŝŐƵƌĞ
ϰ͘ϴ ĨŽƌ ϱϮD͘ dŚĞ ŝƐŽƚŚĞƌŵ ŝƐ ƋƵŝƚĞ ƐƚĞĞƉ ƵƉ ƚŽ Ă ĐĞƌƚĂŝŶ KϮ ůŽĂĚŝŶŐ ;Ε Ϭ͘ϰϱŵŽů KϮ͘;ŵŽů ĂŵŝŶĞͿͲϭͿ͕
ƐŚŽǁŝŶŐĂƋƵĂůŝƚĂƚŝǀĞďĞŚĂǀŝŽƌ ƐŝŵŝůĂƌ ƚŽ ƚŚĂƚŽĨ,ϮKͲDWͲKϮ ƐǇƐƚĞŵƐ͕ ĂŶĚ ƚŚĞŶ ƚŚĞ ƐůŽƉĞŽĨ ƚŚĞ ůŝŶĞ
ĚĞĐƌĞĂƐĞƐ͕ǁŚŝĐŚƐŚŽǁƐĂƋƵĂůŝƚĂƚŝǀĞďĞŚĂǀŝŽƌƐŝŵŝůĂƌ ƚŽ ƚŚĂƚŽĨ,ϮKͲͲKϮƐǇƐƚĞŵ͘^ƵĐŚĂ ƚƌĞŶĚĐĂŶ
ĂůƐŽ ďĞ ƐĞĞŶ ĨŽƌ ϱϭD Ăƚ ϰϬ Ž ŝŶ &ŝŐƵƌĞ ϰ͘ϵ͘ ,ŽǁĞǀĞƌ͕ DW ƐĞĞŵƐ ƚŽ ďĞ ƚŚĞ ĚŽŵŝŶĂƚŝŶŐ ƌĞĂĐƚŝŶŐ
ĐŽŵƉŽŶĞŶƚ ;ǁŝƚŚ KϮͿ ŝŶ ďŽƚŚ ĂŵŝŶĞ ŵŝǆƚƵƌĞƐ Ăƚ ŚŝŐŚ ƚĞŵƉĞƌĂƚƵƌĞƐ͕ ǁŚŝĐŚ ĐĂŶ ďĞ ŽďƐĞƌǀĞĚ ĨƌŽŵ ƚŚĞ
























































































































































ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĂƚ ŽĨ ϯϬ ŵĂƐƐ й D͘ ŶŽƚŚĞƌ ĂĚǀĂŶƚĂŐĞ ŝƐ ƚŚĞ ƉŽƐƐŝďŝůŝƚǇ ŽĨ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ Ăƚ














w§ ·'  ¨ ¸¨ ¸w© ¹
      ;ϭͿ
ǁŚĞƌĞ͖ DEV+' ŝƐ ƚŚĞ ĞŶƚŚĂůƉǇ ŽĨ ĂďƐŽƌƉƚŝŽŶ͕ 5 ŝƐ ƚŚĞ ŐĂƐ ĐŽŶƐƚĂŶƚ͕ &23 ŝƐ ƚŚĞ ĞƋƵŝůŝďƌŝƵŵ KϮ ƉĂƌƚŝĂů
ƉƌĞƐƐƵƌĞ͕7 ŝƐƚŚĞƚĞŵƉĞƌĂƚƵƌĞĂŶĚ [ ŝƐƚŚĞĞƋƵŝůŝďƌŝƵŵKϮůŽĂĚŝŶŐ͘
KŶƚŚĞďĂƐŝƐŽĨƋƵĂƚŝŽŶϭ͕ƚŚĞĞŶƚŚĂůƉŝĞƐŽĨĂďƐŽƌƉƚŝŽŶǁĞƌĞĞƐƚŝŵĂƚĞĚĂƚĐŽŶƐƚĂŶƚKϮůŽĂĚŝŶŐĨƌŽŵƚŚĞ
ƐůŽƉĞŽĨƚŚĞůŝŶĞĂƌƉůŽƚďĞƚǁĞĞŶ








ƚŽƚĂů ƉƌĞƐƐƵƌĞŵĞĂƐƵƌĞŵĞŶƚƐ ĂƐ Ă ĨƵŶĐƚŝŽŶŽĨKϮ ůŽĂĚŝŶŐ ŝŶďŝŶĂƌǇ ĂŶĚ ƚĞƌŶĂƌǇ ĂƋƵĞŽƵƐ ƐŽůƵƚŝŽŶƐŽĨϮͲ

















ĨĂŝƌůǇ ŐŽŽĚ ĐǇĐůŝĐ ĐĂƉĂĐŝƚŝĞƐ ĂŶĚ ƚŚĞŝƌ ƌĞƐƵůƚƐ ĚĞƉĞŶĚ ŽŶ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŽĨ ƚŚĞ ƉƌŽŵŽƚĞƌ ;DWͿ ŝŶ ƚŚĞ
ĂŵŝŶĞ ďůĞŶĚ͘ ƵĞ ƚŽ ŚŝŐŚ KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞ Ăƚ ůŽǁ ůŽĂĚŝŶŐƐ͕ ƚŚĞ ƐƚƵĚŝĞĚŵŝǆƚƵƌĞƐ ĐĂŶ ĂůƐŽ ĂůůŽǁ ƚŚĞ






























;ϵͿ tĂŶŐ͕ D͖͘ >ĂǁĂů͕ ͖͘ ^ƚĞƉŚĞŶƐŽŶ͕ W͖͘ ^ŝĚĚĞƌƐ͕ :͖͘ ZĂŵƐŚĂǁ͕ ͘ WŽƐƚͲĐŽŵďƵƐƚŝŽŶ KϮ ĐĂƉƚƵƌĞ ǁŝƚŚ
ĐŚĞŵŝĐĂůĂďƐŽƌƉƚŝŽŶ͗ƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚƌĞǀŝĞǁ͘ŚĞŵ͘ŶŐ͘ZĞƐ͘ĞƐ͘ϮϬϭϭ͕ϴϵ͕ϭϲϬϵͲϭϲϮϰ͘
;ϭϬͿ 'ůĂƐƐĐŽĐŬ͕ ͘ ͖͘ ƌŝƚĐŚĨŝĞůĚ͕ :͘ ͖͘ ZŽĐŚĞůůĞ͕ '͘ d͘ KϮ ĂďƐŽƌƉƚŝŽŶͬ ĚĞƐŽƌƉƚŝŽŶ ŝŶ ŵŝǆƚƵƌĞƐ ŽĨ






























;ϮϭͿ ƵďŽŝƐ͕ >͖͘ dŚŽŵĂƐ͕ ͘ WŽƐƚĐŽŵďƵƐƚŝŽŶ KϮ ĐĂƉƚƵƌĞ ďǇ ĐŚĞŵŝĐĂů ĂďƐŽƌƉƚŝŽŶ͗ ƐĐƌĞĞŶŝŶŐ ŽĨ ĂƋƵĞŽƵƐ
ĂŵŝŶĞ;ƐͿͲďĂƐĞĚƐŽůǀĞŶƚƐ͘ŶĞƌŐǇWƌŽĐĞĚŝĂϮϬϭϯ͕ϯϳ͕ϭϲϰϴͲϭϲϱϳ͘













;ϮϴͿ >ĞĞ͕ :͘ /͖͘ KƚƚŽ͕ &͘ ͖͘ DĂƚŚĞƌ ͘ ͘ ƋƵŝůŝďƌŝƵŵ ĞƚǁĞĞŶ ĂƌďŽŶ ŝŽǆŝĚĞ ĂŶĚ ƋƵĞŽƵƐ
DŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ^ŽůƵƚŝŽŶƐ͘:͘ƉƉů͘ŚĞŵ͘ŝŽƚĞĐŚŶŽů͘ϭϵϳϲ͕Ϯϲ͕ϱϰϭͲϱϰϵ͘

















;ϯϰͿ yƵ͕ Y͖͘ ZŽĐŚĞůůĞ͕ '͘ d͘ dŽƚĂů WƌĞƐƐƵƌĞ ĂŶĚ KϮ ^ŽůƵďŝůŝƚǇ Ăƚ ,ŝŐŚ dĞŵƉĞƌĂƚƵƌĞ ŝŶ ƋƵĞŽƵƐ ŵŝŶĞƐ͕
ŶĞƌŐǇWƌŽĐĞĚŝĂϮϬϭϭ͕ϰ͕ϭϭϳͲϭϮϰ͘
;ϯϱͿ yƵ͕ Y͘ dŚĞƌŵŽĚǇŶĂŵŝĐƐ ŽĨ KϮ >ŽĂĚĞĚ ƋƵĞŽƵƐ ŵŝŶĞƐ͘ WŚ͘͘ dŚĞƐŝƐ͕ dŚĞ hŶŝǀĞƌƐŝƚǇ ŽĨ dĞǆĂƐ Ăƚ
ƵƐƚŝŶ͕ƵƐƚŝŶ͕dy͕ϮϬϭϭ͘
;ϯϲͿ ƌƐŚĂĚ͕D͘t͖͘ ǀŽŶ ^ŽůŵƐ͕E͖͘ ^ǀĞŶĚƐĞŶ͕,͘ &͖͘ dŚŽŵƐĞŶ͕ <͘,ĞĂƚŽĨ ďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶƋƵĞŽƵƐ
^ŽůƵƚŝŽŶƐŽĨ͕DWĂŶĚƚŚĞŝƌDŝǆƚƵƌĞ͘ŶĞƌŐǇWƌŽĐĞĚŝĂϮϬϭϯ͕ϯϳ͕ϭϱϯϮͲϭϱϰϮ͘
;ϯϳͿƌƐŚĂĚ͕D͘t͖͘&ŽƐďƆů͕W͘>͖͘ǀŽŶ^ŽůŵƐ͕E͖͘^ǀĞŶĚƐĞŶ͕,͘&͖͘dŚŽŵƐĞŶ͕<͘,ĞĂƚŽĨďƐŽƌƉƚŝŽŶŽĨKϮŝŶ




;ϯϵͿ DŽŶƚĞŝƌŽ͕ :͘ '͘ D͘Ͳ^͖͘ WŝŶƚŽ͕ ͘ ͘ ͖͘ ĂŝĚǇ͕ ^͘ ͘ ,͖͘ ,ĂƌƚŽŶŽ͕ ͖͘ ^ǀĞŶĚƐĞŶ͕ ,͘ &͘ s> ĚĂƚĂ ĂŶĚ















&2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3 &23  &2D  &2E  WRWDO3  &23 
ŵŽůKϮ͘;ŵŽůDͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůDͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůDͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ
ϯϭϯ͘ϭϱ< ϯϱϯ͘ϭϱ< ϯϵϯ͘ϭϱ<
Ϭ͘ϰϵϳ ϯ͘ϰϴϱ ϵ͘ϲ ϴ͘ϵ Ϭ͘ϯϱϯ Ϯ͘ϰϳϲ ϰϴ͘ϰ ϰ͘Ϯ Ϭ͘Ϭϲϴ Ϭ͘ϰϴϬ ϭϳϴ͘ϭ Ϯ͘ϭ
Ϭ͘ϱϴϮ ϰ͘Ϭϴϲ ϯϲ͘Ϭ ϯϱ͘ϯ Ϭ͘ϰϯϱ ϯ͘Ϭϱϰ ϱϲ͘ϯ ϭϮ͘ϭ Ϭ͘ϭϯϴ Ϭ͘ϵϲϳ ϭϴϭ͘ϰ ϱ͘ϰ
Ϭ͘ϲϲϯ ϰ͘ϲϱϬ ϭϰϮ͘ϴ ϭϰϮ͘ϭ Ϭ͘ϰϵϲ ϯ͘ϰϳϴ ϴϮ͘Ϭ ϯϳ͘ϴ Ϭ͘ϮϬϳ ϭ͘ϰϱϮ ϭϴϳ͘ϲ ϭϭ͘ϲ
Ϭ͘ϳϮϵ ϱ͘ϭϭϱ ϯϯϲ͘ϳ ϯϯϲ͘Ϭ Ϭ͘ϱϱϲ ϯ͘ϵϬϭ ϭϳϲ͘ϲ ϭϯϮ͘ϰ Ϭ͘ϮϳϮ ϭ͘ϵϬϵ ϭϵϵ͘Ϯ Ϯϯ͘Ϯ
Ϭ͘ϳϴϬ ϱ͘ϰϳϰ ϱϴϲ͘ϲ ϱϴϱ͘ϵ Ϭ͘ϱϵϯ ϰ͘ϭϱϵ ϯϬϯ͘ϭ Ϯϱϴ͘ϵ Ϭ͘ϯϭϱ Ϯ͘ϮϬϵ ϮϭϮ͘ϯ ϯϲ͘ϯ
Ϭ͘ϲϮϱ ϰ͘ϯϴϳ ϰϳϳ͘Ϭ ϰϯϮ͘ϴ Ϭ͘ϯϱϳ Ϯ͘ϱϬϮ Ϯϯϰ͘ϳ ϱϴ͘ϳ
Ϭ͘ϲϯϳ ϰ͘ϰϳϮ ϱϱϭ͘ϱ ϱϬϳ͘ϯ Ϭ͘ϯϵϴ Ϯ͘ϳϵϬ ϮϳϬ͘ϳ ϵϰ͘ϳ
Ϭ͘ϲϰϮ ϰ͘ϱϬϲ ϱϳϵ͘ϱ ϱϯϱ͘ϯ Ϭ͘ϰϯϳ ϯ͘Ϭϲϯ ϯϯϮ͘ϴ ϭϱϲ͘ϴ
Ϭ͘ϰϳϳ ϯ͘ϯϰϴ ϰϯϰ͘ϲ Ϯϱϴ͘ϲ




&23 Ϳ͕цϬ͘ϳйĨŽƌ WRWDO3 ƌĂŶŐŝŶŐďĞƚǁĞĞŶϱϭͲϭϬϬŬWĂ;ǁŝƚŚĐŽƌƌĞƐƉŽŶĚŝŶŐ
ƵŶĐĞƌƚĂŝŶƚǇŽĨцϭ͘ϳйĨŽƌ






















&2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23 
ŵŽůKϮ͘;ŵŽůͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ
ϯϭϯ͘ϭϱ<;ϭͿ ϯϱϯ͘ϭϱ<;ϭͿ ϯϵϯ͘ϭϱ<;ϭͿ
Ϭ͘Ϭϰϱ Ϭ͘ϲϬϭ ϭϮ͘ϯ Ϭ͘ϳ Ϭ͘Ϭϰϭ Ϭ͘ϱϱϰ ϲϮ͘Ϭ ϭϮ͘Ϭ Ϭ͘Ϭϯϱ Ϭ͘ϰϲϱ Ϯϴϰ͘ϯ ϳϲ͘ϲ
Ϭ͘ϬϵϬ ϭ͘ϮϬϴ ϭϯ͘ϰ ϭ͘ϴ Ϭ͘ϭϬϰ ϭ͘ϯϵϯ ϵϰ͘ϭ ϰϰ͘ϭ Ϭ͘Ϭϲϲ Ϭ͘ϴϴϲ ϯϵϯ͘ϯ ϭϴϱ͘ϲ
Ϭ͘ϭϯϲ ϭ͘ϴϮϲ ϭϱ͘Ϭ ϯ͘ϰ Ϭ͘ϭϰϰ ϭ͘ϵϯϮ ϭϭϵ͘ϳ ϲϵ͘ϳ Ϭ͘Ϭϵϴ ϭ͘ϯϭϯ ϱϮϲ͘ϳ ϯϭϵ͘Ϭ
Ϭ͘ϭϴϮ Ϯ͘ϰϯϱ ϭϲ͘ϲ ϱ͘Ϭ Ϭ͘ϭϴϱ Ϯ͘ϰϴϬ ϭϰϵ͘ϯ ϵϵ͘ϯ Ϭ͘ϭϭϭ ϭ͘ϰϴϲ ϱϴϬ͘ϲ ϯϳϮ͘ϵ
Ϭ͘ϮϮϲ ϯ͘ϬϮϵ ϭϴ͘ϳ ϳ͘ϭ Ϭ͘ϮϮϱ ϯ͘Ϭϭϰ ϭϴϮ͘ϭ ϭϯϮ͘ϭ ϯϵϯ͘ϭϱ<;ϮͿ
Ϭ͘Ϯϳϭ ϯ͘ϲϮϯ ϮϬ͘ϵ ϵ͘ϯ Ϭ͘Ϯϲϱ ϯ͘ϱϱϬ Ϯϭϴ͘Ϭ ϭϲϴ͘Ϭ Ϭ͘Ϭϭϱ Ϭ͘ϮϬϰ ϮϮϲ͘Ϭ ϭϵ͘ϯ
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ϭ͘ϲϳϴ ϭ͘ϴϲϬ ϯϭϲ͘ϲ ϯϬϲ͘ϵ ϭ͘ϰϴϭ ϭ͘ϲϰϮ ϱϱϲ͘ϭ ϱϬϴ͘ϰ ϭ͘ϬϮϮ ϭ͘ϭϯϯ ϯϬϮ͘ϲ ϭϬϲ͘ϵ
ϭ͘ϳϲϲ ϭ͘ϵϱϳ ϰϯϮ͘Ϯ ϰϮϮ͘ϱ ϭ͘ϭϴϲ ϭ͘ϯϭϱ ϱϰϬ͘ϵ ϯϰϱ͘Ϯ
ϭ͘Ϯϭϲ ϭ͘ϯϰϴ ϱϵϳ͘ϴ ϰϬϮ͘ϭ
ϯϵϯ͘ϭϱ<;ϯͿ
Ϭ͘ϯϳϬ Ϭ͘ϰϭϭ ϭϵϳ͘ϵ Ϯ͘Ϯ
Ϭ͘ϱϲϵ Ϭ͘ϲϯϬ ϮϬϭ͘ϵ ϲ͘Ϯ
Ϭ͘ϳϲϰ Ϭ͘ϴϰϳ Ϯϭϰ͘ϳ ϭϵ͘Ϭ
Ϭ͘ϵϱϵ ϭ͘Ϭϲϯ Ϯϲϱ͘ϱ ϲϵ͘ϴ
ϭ͘ϭϯϵ ϭ͘ϮϲϮ ϰϱϮ͘ϯ Ϯϱϲ͘ϲ
ϭ͘ϮϬϰ ϭ͘ϯϯϰ ϱϳϱ͘Ϭ ϯϳϵ͘ϯ
ϯϵϯ͘ϭϱ<;ϰͿ
        Ϭ͘ϯϴϴ Ϭ͘ϰϯϬ ϭϵϳ͘ϴ Ϯ͘ϰ
        Ϭ͘ϱϵϰ Ϭ͘ϲϱϵ ϮϬϮ͘ϰ ϳ͘Ϭ
        Ϭ͘ϳϴϱ Ϭ͘ϴϳϬ Ϯϭϲ͘ϯ ϮϬ͘ϵ
Ϭ͘ϵϲϳ ϭ͘ϬϳϮ Ϯϲϴ͘Ϯ ϳϮ͘ϴ
        ϭ͘ϭϲϲ ϭ͘Ϯϵϯ ϱϭϮ͘Ϯ ϯϭϲ͘ϴ
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&2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23 
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ
ϯϭϯ͘ϭϱ<;ϭͿ ϯϱϯ͘ϭϱ<;ϭͿ ϯϵϯ͘ϭϱ<;ϭͿ
Ϭ͘ϯϯϱ ϭϰ͘ϲϱϭ ϭϲ͘ϭ ϱ͘Ϭ Ϭ͘ϭϵϵ ϴ͘ϲϵϱ ϰϮ͘ϱ Ϭ͘ϵ Ϭ͘ϬϮϳ ϭ͘ϭϲϬ ϭϳϬ͘ϱ Ϯ͘ϵ
Ϭ͘ϯϴϱ ϭϲ͘ϴϮϭ Ϯϵ͘Ϭ ϭϳ͘ϵ Ϭ͘Ϯϰϯ ϭϬ͘ϲϯϯ ϰϲ͘ϯ ϰ͘ϳ Ϭ͘Ϭϲϲ Ϯ͘ϴϳϮ ϭϳϳ͘ϴ ϭϬ͘Ϯ
Ϭ͘ϰϯϰ ϭϴ͘ϵϳϯ ϰϳ͘Ϯ ϯϲ͘ϭ Ϭ͘Ϯϴϲ ϭϮ͘ϱϭϳ ϲϮ͘ϲ Ϯϭ͘Ϭ Ϭ͘ϭϬϴ ϰ͘ϳϬϵ ϭϵϬ͘ϯ ϮϮ͘ϳ
Ϭ͘ϰϴϭ Ϯϭ͘ϬϮϱ ϲϴ͘Ϯ ϱϳ͘ϭ Ϭ͘ϯϮϳ ϭϰ͘ϯϭϭ ϭϮϲ͘Ϭ ϴϰ͘ϰ Ϭ͘ϭϱϮ ϲ͘ϲϯϴ ϮϬϱ͘ϳ ϯϴ͘ϭ
Ϭ͘ϱϮϳ Ϯϯ͘ϬϯϮ ϵϮ͘ϱ ϴϭ͘ϰ Ϭ͘ϯϳϮ ϭϲ͘Ϯϴϱ Ϯϲϱ͘ϲ ϮϮϰ͘Ϭ Ϭ͘ϭϴϵ ϴ͘ϮϴϮ ϮϮϵ͘ϱ ϲϭ͘ϵ
Ϭ͘ϱϲϱ Ϯϰ͘ϳϮϬ ϭϭϲ͘ϵ ϭϬϱ͘ϴ Ϭ͘ϰϬϴ ϭϳ͘ϴϱϵ ϰϭϳ͘Ϯ ϯϳϱ͘ϲ Ϭ͘ϮϮϴ ϵ͘ϵϲϯ Ϯϳϴ͘ϱ ϭϭϬ͘ϵ
Ϭ͘ϱϵϱ Ϯϲ͘ϬϰϮ ϭϯϵ͘Ϯ ϭϮϴ͘ϭ Ϭ͘ϰϯϮ ϭϴ͘ϵϬϰ ϱϮϳ͘ϳ ϰϴϲ͘ϭ Ϭ͘Ϯϲϰ ϭϭ͘ϱϲϬ ϯϳϲ͘Ϯ ϮϬϴ͘ϲ
Ϭ͘ϲϮϬ Ϯϳ͘ϭϮϭ ϭϱϳ͘ϳ ϭϰϲ͘ϲ Ϭ͘ϰϯϵ ϭϵ͘ϭϵϵ ϱϱϲ͘ϲ ϱϭϱ͘Ϭ Ϭ͘Ϯϵϵ ϭϯ͘Ϭϴϱ ϱϱϮ͘ϰ ϯϴϰ͘ϴ
Ϭ͘ϲϰϮ Ϯϴ͘Ϭϴϰ ϭϳϳ͘ϱ ϭϲϲ͘ϰ ϯϱϯ͘ϭϱ<;ϮͿ Ϭ͘ϯϬϲ ϭϯ͘ϯϵϱ ϱϴϵ͘Ϯ ϰϮϭ͘ϲ
Ϭ͘ϲϲϲ Ϯϵ͘ϭϯϮ ϭϵϵ͘Ϭ ϭϴϳ͘ϵ Ϭ͘ϮϬϰ ϴ͘ϵϮϵ ϰϮ͘ϵ ϭ͘Ϯ ϯϵϯ͘ϭϱ<;ϮͿ
Ϭ͘ϲϴϵ ϯϬ͘ϭϯϱ ϮϮϭ͘ϰ ϮϭϬ͘ϯ Ϭ͘Ϯϰϳ ϭϬ͘ϳϵϰ ϰϲ͘ϵ ϱ͘Ϯ Ϭ͘ϬϯϬ ϭ͘ϯϮϱ ϭϳϭ͘ϯ ϯ͘ϰ
Ϭ͘ϳϭϮ ϯϭ͘ϭϯϲ Ϯϰϲ͘Ϭ Ϯϯϰ͘ϵ Ϭ͘Ϯϴϴ ϭϮ͘ϲϭϭ ϲϰ͘ϵ Ϯϯ͘Ϯ Ϭ͘Ϭϱϳ Ϯ͘ϰϴϲ ϭϳϲ͘ϯ ϴ͘ϰ
Ϭ͘ϳϮϵ ϯϭ͘ϴϳϴ Ϯϲϱ͘ϲ Ϯϱϰ͘ϱ Ϭ͘ϯϮϴ ϭϰ͘ϯϲϰ ϭϯϮ͘ϭ ϵϬ͘ϰ Ϭ͘Ϭϴϳ ϯ͘ϳϴϴ ϭϴϯ͘ϵ ϭϲ͘Ϭ
ϯϭϯ͘ϭϱ<;ϮͿ Ϭ͘ϯϲϴ ϭϲ͘Ϭϵϳ Ϯϱϭ͘ϰ ϮϬϵ͘ϳ Ϭ͘ϭϭϱ ϱ͘Ϭϰϳ ϭϵϯ͘ϴ Ϯϱ͘ϵ
Ϭ͘ϯϬϰ ϭϯ͘ϯϭϰ ϭϭ͘Ϯ ϭ͘ϲ Ϭ͘ϰϬϲ ϭϳ͘ϳϲϬ ϰϬϯ͘ϱ ϯϲϭ͘ϴ Ϭ͘ϭϰϱ ϲ͘ϯϮϮ ϮϬϯ͘ϭ ϯϱ͘Ϯ
Ϭ͘ϯϱϵ ϭϱ͘ϳϭϱ Ϯϭ͘ϱ ϭϭ͘ϵ Ϭ͘ϰϮϳ ϭϴ͘ϲϴϬ ϰϵϵ͘ϯ ϰϱϳ͘ϲ Ϭ͘ϭϳϱ ϳ͘ϲϰϲ Ϯϭϳ͘Ϯ ϰϵ͘ϯ
Ϭ͘ϰϭϲ ϭϴ͘ϮϬϭ ϰϬ͘ϴ ϯϭ͘Ϯ Ϭ͘ϰϯϳ ϭϵ͘ϭϭϮ ϱϰϯ͘ϭ ϱϬϭ͘ϰ Ϭ͘ϮϬϲ ϵ͘ϬϭϮ ϮϰϮ͘ϱ ϳϰ͘ϲ
Ϭ͘ϰϳϬ ϮϬ͘ϱϲϲ ϲϰ͘ϰ ϱϰ͘ϴ Ϭ͘Ϯϯϱ ϭϬ͘Ϯϴϱ Ϯϴϯ͘ϱ ϭϭϱ͘ϲ
Ϭ͘ϱϮϮ ϮϮ͘ϴϯϱ ϵϭ͘Ϯ ϴϭ͘ϲ Ϭ͘Ϯϲϰ ϭϭ͘ϱϱϳ ϯϱϰ͘ϭ ϭϴϲ͘Ϯ
Ϭ͘ϱϳϬ Ϯϰ͘ϵϮϮ ϭϮϭ͘ϵ ϭϭϮ͘ϯ Ϭ͘Ϯϵϭ ϭϮ͘ϳϯϮ ϰϲϱ͘ϳ Ϯϵϳ͘ϴ
Ϭ͘ϲϬϵ Ϯϲ͘ϲϱϬ ϭϱϰ͘ϭ ϭϰϰ͘ϱ Ϭ͘ϯϬϳ ϭϯ͘ϰϰϭ ϱϱϵ͘ϱ ϯϵϭ͘ϲ
Ϭ͘ϲϯϳ Ϯϳ͘ϴϳϵ ϭϳϳ͘ϰ ϭϲϳ͘ϴ Ϭ͘ϯϭϮ ϭϯ͘ϲϰϯ ϱϴϰ͘ϱ ϰϭϲ͘ϲ
Ϭ͘ϲϲϴ Ϯϵ͘ϮϰϬ ϮϬϲ͘Ϭ ϭϵϲ͘ϰ
Ϭ͘ϲϵϱ ϯϬ͘ϰϭϭ Ϯϯϯ͘ϳ ϮϮϰ͘ϭ       
Ϭ͘ϳϮϬ ϯϭ͘ϱϬϬ Ϯϲϭ͘Ϭ Ϯϱϭ͘ϰ       
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dĂďůĞϰ͘ϲ͗dŽƚĂůWƌĞƐƐƵƌĞĂŶĚ^ŽůƵďŝůŝƚǇŽĨKϮ ŝŶϱD;ϲϮ͘ϬϮϱŵĂƐƐйͿнϭD;ϵ͘ϯϯϭŵĂƐƐйͿDWƐŽůƵƚŝŽŶƐ ; PL[WXUHE с
ϮϮ͘ϭϳϯŵŽůĂŵŝŶĞ͘;ŬŐ,ϮKͿͲϭͿĂƚϰϬ͕ϴϬ͕ĂŶĚϭϮϬŽ͘Ă
&2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23  &2D  &2E  WRWDO3  &23 
ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ ŵŽůKϮ͘;ŵŽůĂŵŝŶĞͿͲϭ ŵŽůKϮ͘;ŬŐ,ϮKͿͲϭ ŬWĂ ŬWĂ
ϯϭϯ͘ϭϱ<;ϭͿ ϯϱϯ͘ϭϱ<;ϭͿ ϯϵϯ͘ϭϱ<;ϭͿ
Ϭ͘ϮϮϯ ϰ͘ϵϰϯ ϭϯ͘Ϯ ϭ͘ϰ Ϭ͘ϭϯϳ ϯ͘ϬϮϳ ϱϬ͘ϳ ϯ͘ϳ Ϭ͘Ϭϯϭ Ϭ͘ϲϴϰ ϮϬϬ͘ϭ ϰ͘ϵ
Ϭ͘Ϯϳϭ ϲ͘Ϭϭϲ ϭϲ͘ϯ ϰ͘ϱ Ϭ͘ϭϴϳ ϰ͘ϭϰϴ ϲϯ͘ϯ ϭϲ͘ϯ Ϭ͘Ϭϲϭ ϭ͘ϯϰϵ ϮϭϬ͘ϲ ϭϱ͘ϰ
Ϭ͘ϯϮϬ ϳ͘Ϭϴϲ Ϯϭ͘ϲ ϵ͘ϴ Ϭ͘Ϯϯϰ ϱ͘ϭϵϮ ϵϵ͘ϲ ϱϮ͘ϲ Ϭ͘Ϭϵϭ Ϯ͘Ϭϭϲ ϮϮϳ͘Ϭ ϯϭ͘ϴ
Ϭ͘ϯϳϰ ϴ͘ϯϬϬ Ϯϵ͘Ϯ ϭϳ͘ϰ Ϭ͘Ϯϳϵ ϲ͘ϭϵϬ ϭϱϴ͘ϳ ϭϭϭ͘ϳ Ϭ͘ϭϮϬ Ϯ͘ϲϲϱ Ϯϰϱ͘ϴ ϱϬ͘ϲ
Ϭ͘ϰϮϳ ϵ͘ϰϳϮ ϯϴ͘ϰ Ϯϲ͘ϲ Ϭ͘ϯϮϬ ϳ͘ϭϬϱ ϮϯϬ͘Ϭ ϭϴϯ͘Ϭ Ϭ͘ϭϰϵ ϯ͘Ϯϵϰ ϮϴϬ͘ϵ ϴϱ͘ϳ
Ϭ͘ϰϴϭ ϭϬ͘ϲϳϮ ϰϵ͘ϳ ϯϳ͘ϵ Ϭ͘ϯϲϲ ϴ͘ϭϮϬ ϯϮϯ͘ϰ Ϯϳϲ͘ϰ Ϭ͘ϭϳϱ ϯ͘ϴϴϵ ϯϰϮ͘Ϭ ϭϰϲ͘ϴ
Ϭ͘ϱϯϭ ϭϭ͘ϳϳϬ ϲϭ͘ϳ ϰϵ͘ϵ Ϭ͘ϰϬϳ ϵ͘ϬϮϲ ϰϮϯ͘Ϭ ϯϳϲ͘Ϭ Ϭ͘ϮϬϲ ϰ͘ϱϳϰ ϰϲϭ͘ϭ Ϯϲϱ͘ϵ
Ϭ͘ϱϳϵ ϭϮ͘ϴϰϬ ϳϰ͘ϵ ϲϯ͘ϭ Ϭ͘ϰϯϱ ϵ͘ϲϯϰ ϰϵϲ͘ϴ ϰϰϵ͘ϴ Ϭ͘ϮϮϯ ϰ͘ϵϱϱ ϱϰϵ͘ϲ ϯϱϰ͘ϰ
Ϭ͘ϲϮϲ ϭϯ͘ϴϴϲ ϵϬ͘ϯ ϳϴ͘ϱ Ϭ͘ϰϱϯ ϭϬ͘Ϭϰϭ ϱϰϱ͘Ϯ ϰϵϴ͘Ϯ Ϭ͘ϮϯϬ ϱ͘Ϭϵϳ ϱϴϮ͘ϵ ϯϴϳ͘ϳ
Ϭ͘ϲϴϬ ϭϱ͘Ϭϳϱ ϭϬϳ͘ϳ ϵϱ͘ϵ Ϭ͘ϰϲϯ ϭϬ͘ϮϲϬ ϱϲϴ͘ϵ ϱϮϭ͘ϵ ϯϵϯ͘ϭϱ<;ϮͿ
Ϭ͘ϳϯϮ ϭϲ͘Ϯϯϳ ϭϮϴ͘ϴ ϭϭϳ͘Ϭ ϯϱϯ͘ϭϱ<;ϮͿ Ϭ͘ϬϯϬ Ϭ͘ϲϲϯ ϭϵϵ͘ϳ ϱ͘ϯ
Ϭ͘ϳϲϱ ϭϲ͘ϵϲϯ ϭϰϱ͘Ϯ ϭϯϯ͘ϰ Ϭ͘ϭϯϯ Ϯ͘ϵϱϳ ϰϵ͘ϴ ϯ͘Ϯ Ϭ͘ϬϲϮ ϭ͘ϯϳϬ Ϯϭϭ͘ϰ ϭϳ͘Ϭ
Ϭ͘ϳϵϱ ϭϳ͘ϲϯϱ ϭϲϯ͘ϯ ϭϱϭ͘ϱ Ϭ͘ϭϴϰ ϰ͘Ϭϴϳ ϲϬ͘ϴ ϭϰ͘Ϯ Ϭ͘Ϭϵϲ Ϯ͘ϭϮϲ ϮϯϬ͘ϰ ϯϲ͘Ϭ
Ϭ͘ϴϮϱ ϭϴ͘Ϯϵϴ ϭϴϲ͘Ϯ ϭϳϰ͘ϰ Ϭ͘ϮϮϳ ϱ͘Ϭϰϯ ϵϭ͘Ϯ ϰϰ͘ϲ Ϭ͘ϭϮϴ Ϯ͘ϴϯϱ Ϯϱϲ͘ϭ ϲϭ͘ϳ
Ϭ͘ϴϱϮ ϭϴ͘ϴϵϲ Ϯϭϭ͘ϲ ϭϵϵ͘ϴ Ϭ͘Ϯϳϰ ϲ͘Ϭϳϭ ϭϰϴ͘ϯ ϭϬϭ͘ϳ Ϭ͘ϭϲϯ ϯ͘ϲϬϰ ϯϭϱ͘ϴ ϭϮϭ͘ϰ
Ϭ͘ϴϳϯ ϭϵ͘ϯϲϲ Ϯϯϱ͘ϵ ϮϮϰ͘ϭ Ϭ͘ϯϮϭ ϳ͘ϭϮϳ ϮϮϵ͘ϲ ϭϴϯ͘Ϭ Ϭ͘ϭϵϱ ϰ͘ϯϮϰ ϰϮϱ͘ϳ Ϯϯϭ͘ϯ
ϯϭϯ͘ϭϱ<;ϮͿ Ϭ͘ϯϲϰ ϴ͘Ϭϲϰ ϯϭϰ͘ϳ Ϯϲϴ͘ϭ Ϭ͘ϮϮϬ ϰ͘ϴϳϴ ϱϱϮ͘ϯ ϯϱϳ͘ϵ
Ϭ͘ϭϵϭ ϰ͘Ϯϰϱ ϵ͘ϲ Ϭ͘ϰ Ϭ͘ϰϬϱ ϴ͘ϵϳϮ ϰϭϭ͘ϰ ϯϲϰ͘ϴ Ϭ͘ϮϮϳ ϱ͘Ϭϯϰ ϱϴϮ͘ϯ ϯϴϳ͘ϵ
Ϭ͘Ϯϱϱ ϱ͘ϲϱϴ ϭϮ͘ϰ ϯ͘Ϯ Ϭ͘ϰϯϴ ϵ͘ϳϭϲ ϱϬϭ͘ϯ ϰϱϰ͘ϳ
Ϭ͘ϯϭϴ ϳ͘Ϭϰϯ ϭϴ͘ϰ ϵ͘Ϯ Ϭ͘ϰϱϳ ϭϬ͘ϭϯϬ ϱϱϬ͘ϵ ϱϬϰ͘ϯ
Ϭ͘ϯϴϲ ϴ͘ϱϱϵ Ϯϳ͘ϳ ϭϴ͘ϱ
Ϭ͘ϰϱϱ ϭϬ͘ϬϵϬ ϰϬ͘Ϭ ϯϬ͘ϴ
Ϭ͘ϱϮϮ ϭϭ͘ϱϴϰ ϱϱ͘ϯ ϰϲ͘ϭ
Ϭ͘ϱϵϮ ϭϯ͘ϭϮϮ ϳϰ͘Ϭ ϲϰ͘ϴ
Ϭ͘ϲϱϭ ϭϰ͘ϰϯϮ ϵϯ͘ϯ ϴϰ͘ϭ
Ϭ͘ϳϭϭ ϭϱ͘ϳϳϯ ϭϭϰ͘ϭ ϭϬϰ͘ϵ
Ϭ͘ϳϲϲ ϭϲ͘ϵϴϱ ϭϯϵ͘ϳ ϭϯϬ͘ϱ
Ϭ͘ϴϬϴ ϭϳ͘ϵϬϵ ϭϲϱ͘ϯ ϭϱϲ͘ϭ
Ϭ͘ϴϰϰ ϭϴ͘ϳϮϬ ϭϵϱ͘ϳ ϭϴϲ͘ϱ
Ϭ͘ϴϳϵ ϭϵ͘ϰϵϴ Ϯϯϱ͘ϳ ϮϮϲ͘ϱ




&23 Ϳ͕цϬ͘ϳйĨŽƌ WRWDO3 ƌĂŶŐŝŶŐďĞƚǁĞĞŶϱϭͲϭϬϬŬWĂ;ǁŝƚŚĐŽƌƌĞƐƉŽŶĚŝŶŐ
ƵŶĐĞƌƚĂŝŶƚǇŽĨцϭ͘ϳйĨŽƌ

















dŚĞƌŵŽĚǇŶĂŵŝĐ ŵŽĚĞůƐ ĂƌĞ ĞƐƐĞŶƚŝĂů ĨŽƌ ƚŚĞ ƉƌŽĐĞƐƐ ƐŝŵƵůĂƚŝŽŶ ĂŶĚ ŽƉƚŝŵŝǌĂƚŝŽŶ ŽĨ ƚŚĞ KϮ ĐĂƉƚƵƌĞ
ƉƌŽĐĞƐƐĞƐ͘tŚĞŶKϮ;ĂĐŝĚŐĂƐͿŝƐĚŝƐƐŽůǀĞĚŝŶƚŚĞĂƋƵĞŽƵƐĂŵŝŶĞƐŽůƵƚŝŽŶƐ͕ŝƚĨŽƌŵƐĞůĞĐƚƌŽůǇƚĞƐŽůƵƚŝŽŶƐ͘
dǁŽ ĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚ ďĂƐĞĚ ŵŽĚĞůƐ͕ ĞͲEZd> ;ĞůĞĐƚƌŽůǇƚĞ EŽŶͲZĂŶĚŽŵ dǁŽͲ>ŝƋƵŝĚͿ ĂŶĚ ǆƚĞŶĚĞĚ
hE/Yh͕ĂƌĞƚŚĞŵŽƐƚĐŽŵŵŽŶůǇƵƐĞĚůŽĐĂůĐŽŵƉŽƐŝƚŝŽŶŵŽĚĞůƐĂƉƉůŝĞĚĨŽƌƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐŽĨ
ƚŚĞĞůĞĐƚƌŽůǇƚĞƐǇƐƚĞŵƐĐŽŶƚĂŝŶŝŶŐ,ϮKͲŵŝŶĞͬůŬĂŶŽůĂŵŝŶĞͲĐŝĚŐĂƐ͘dŚĞǆƚĞŶĚĞĚhE/YhŵŽĚĞůŚĂƐ
ďĞĞŶ ĂĚŽƉƚĞĚ ŝŶ ƚŚŝƐǁŽƌŬ ĨŽƌ ƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐ ŽĨ ƚŚĞ ĚĞͲŵŝǆŝŶŐ ,ϮKͲͲDWͲKϮ ƐǇƐƚĞŵ͘
WƌĞǀŝŽƵƐůǇ͕ ƚŚĞ ǆƚĞŶĚĞĚ hE/YhŵŽĚĞů ŚĂƐ ďĞĞŶ ƐƵĐĐĞƐƐĨƵůůǇ ĂƉƉůŝĞĚ ƚŽ Ă ǀĂƌŝĞƚǇ ŽĨ ĂƋƵĞŽƵƐ ĂŵŝŶĞ
ƐǇƐƚĞŵƐ͘ dŚŽŵƐĞŶ ĂŶĚ ZĂƐŵƵƐƐĞŶϭ ŝŵƉůĞŵĞŶƚĞĚ ƚŚĞ ǆƚĞŶĚĞĚ hE/YhŵŽĚĞů ƚŽ ĚĞƐĐƌŝďĞ ƚŚĞ ǀĂƉŽƌͲ
ůŝƋƵŝĚ ĞƋƵŝůŝďƌŝĂ ;s>Ϳ ĂŶĚ ƐŽůŝĚͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝĂ ;^>Ϳ ŝŶ ƚŚĞ ,ϮKͲE,ϯͲKϮ ƐǇƐƚĞŵ͘ ĂƌĚĞ Ğƚ Ăů͘Ϯ ĨƵƌƚŚĞƌ
ƵƉŐƌĂĚĞĚƚŚĞŵŽĚĞůƚŽĂǁŝĚĞƌĂŶŐĞŽĨĐŽŶĐĞŶƚƌĂƚŝŽŶ͕ƚĞŵƉĞƌĂƚƵƌĞ͕ĂŶĚƉƌĞƐƐƵƌĞĨŽƌŝƚƐƵƐĞŝŶƚŚĞĂƋƵĞŽƵƐ
ĂŵŵŽŶŝĂƉƌŽĐĞƐƐĨŽƌKϮĐĂƉƚƵƌĞ͘&ĂƌĂŵĂƌǌŝĞƚĂů͘ϯŝŵƉůĞŵĞŶƚĞĚƚŚĞǆƚĞŶĚĞĚhE/YhƚŽŵŽĚĞůƚŚĞs>
ŝŶ,ϮKͲDͲKϮ͕,ϮKͲDͲKϮ͕ ĂŶĚ,ϮKͲDͲDͲKϮ ƐǇƐƚĞŵƐĂŶĚ^ĂĚĞŐŚ͕ ϮϬϭϮϰ ĨƵƌƚŚĞƌ ŝŵƉƌŽǀĞĚ
ƚŚĞŵŽĚĞůďǇŝŶĐůƵĚŝŶŐŵŽƌĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŝŶƚŚĞƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶ͘^ĂĚĞŐŚ͕ϮϬϭϮϰĂůƐŽƵƐĞĚƚŚĞ
ǆƚĞŶĚĞĚ hE/Yh ƚŽŵŽĚĞů ƚŚĞ ,ϮKͲDͲ,Ϯ^ ĂŶĚ ,ϮKͲDͲ,Ϯ^Ͳ,ϰ ƐǇƐƚĞŵƐ ĨŽƌ ĂĐŝĚ ŐĂƐ ƌĞŵŽǀĂů
ĨƌŽŵƚŚĞƐŽƵƌŶĂƚƵƌĂůŐĂƐƐƚƌĞĂŵƐ͘
dŚĞ ǆƚĞŶĚĞĚhE/YhŵŽĚĞů ŝƐ ƵƐĞĚ ŝŶ ƚŚŝƐ ǁŽƌŬ ĨŽƌ ƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐ ŽĨ ƚŚĞ ,ϮKͲͲKϮ͕







KϮ͕ ,ϮKͲDWͲKϮ͕ ĂŶĚ ,ϮKͲͲDWͲKϮ ƐǇƐƚĞŵƐ ƵƐŝŶŐ ƚŚĞ ǆƚĞŶĚĞĚ hE/Yh ƚŚĞƌŵŽĚǇŶĂŵŝĐ




dŚĞ'ĂŵŵĂͲWŚŝ;J I ͿĂƉƉƌŽĂĐŚ ŝƐƵƐĞĚ ŝŶ ƚŚŝƐǁŽƌŬ ĨŽƌƚŚĞƉŚĂƐĞĞƋƵŝůŝďƌŝƵŵĐĂůĐƵůĂƚŝŽŶƐ͘dŚŝƐŵĞĂŶƐ
ƚŚĂƚ ƚŚĞ ǆƚĞŶĚĞĚ hE/Yh ƚŚĞƌŵŽĚǇŶĂŵŝĐ ŵŽĚĞů ŝƐ ƵƐĞĚ ƚŽ ĐĂůĐƵůĂƚĞ ƚŚĞ ĂƋƵĞŽƵƐͲƉŚĂƐĞ ĂĐƚŝǀŝƚǇ







ǀĂƉŽƌͲƉŚĂƐĞĨƵŐĂĐŝƚǇĐŽĞĨĨŝĐŝĞŶƚ;I Ϳ͘dŚĞŵŽĚĞůŽŶůǇƌĞƋƵŝƌĞƐhE/YhǀŽůƵŵĞ; U ͿĂŶĚƐƵƌĨĂĐĞĂƌĞĂ; T Ϳ
ƉĂƌĂŵĞƚĞƌƐŽĨĞĂĐŚƐƉĞĐŝĞƐĨŽƌĐĂůĐƵůĂƚŝŽŶƐŽĨƚŚĞĐŽŵďŝŶĂƚŽƌŝĂů;ŽƌĞŶƚƌŽƉŝĐͿƚĞƌŵĂŶĚďŝŶĂƌǇŝŶƚĞƌĂĐƚŝŽŶ
ĞŶĞƌŐǇƉĂƌĂŵĞƚĞƌƐĨŽƌĞĂĐŚƉĂŝƌŽĨƐƉĞĐŝĞƐĨŽƌĐĂůĐƵůĂƚŝŽŶƐŽĨƚŚĞƌĞƐŝĚƵĂů;ŽƌĞŶƚŚĂůƉŝĐͿƚĞƌŵ͘dŚĞĞďǇĞͲ






dŚĞ ĐƌŝƚĞƌŝŽŶ ĨŽƌ ƚŚĞ ǀĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ ;s>Ϳ͕ ƐŽůŝĚͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ ;^>Ϳ ĂŶĚ ůŝƋƵŝĚͲůŝƋƵŝĚ
ĞƋƵŝůŝďƌŝƵŵ;>>ͿŝƐƚŚĂƚƚŚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨĞĂĐŚĐŽŵƉŽŶĞŶƚŝƐƐĂŵĞŝŶĂůůƚŚĞƉŚĂƐĞƐ͘dŚĞĐŚĞŵŝĐĂů
ƉŽƚĞŶƚŝĂůŽĨĐŽŵƉŽŶĞŶƚ L ; LP ͿŝƐƚŚĞƐƵŵŵĂƚŝŽŶŽĨƐƚĂŶĚĂƌĚƐƚĂƚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂů; LP ͿĂŶĚĂƚĞƌŵƚŚĂƚ
ĚĞƐĐƌŝďĞƐƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶĂŶĚĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚŽĨƚŚĂƚĐŽŵƉŽŶĞŶƚ L ĂƐŐŝǀĞŶďǇ
  OQ OQL L L L L L57 D 57 [P P P J         ;ϭͿ
ǁŚĞƌĞ͕ LD ŝƐƚŚĞĂĐƚŝǀŝƚǇ͕ L[ ŝƐƚŚĞŵŽůĞĨƌĂĐƚŝŽŶ͕ĂŶĚ LJ ŝƐƚŚĞĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚŽĨĐŽŵƉŽŶĞŶƚ L ͘ 5 ŝƐƚŚĞ
ŐĂƐĐŽŶƐƚĂŶƚ ;ϴ͘ϯϭϰ :͘ŵŽůͲϭ͘<ͲϭͿĂŶĚ 7  ŝƐ ƚŚĞ ƚĞŵƉĞƌĂƚƵƌĞ ŝŶ<ĞůǀŝŶ͘dŚĞĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚĚĞƐĐƌŝďĞƐ ƚŚĞ
ŶŽŶͲŝĚĞĂůďĞŚĂǀŝŽƌŽĨ ƚŚĞĐŽŵƉŽŶĞŶƚ L  ĂŶĚĚĞƚĞƌŵŝŶĞĚďǇ ƚŚĞǆƚĞŶĚĞĚhE/YhŵŽĚĞů͘ /Ŷ ƚŚŝƐǁŽƌŬ͕
ƐǇŵŵĞƚƌŝĐĂů ĐŽŶǀĞŶƚŝŽŶ ŝƐ ĂĚŽƉƚĞĚ ĨŽƌ ǁĂƚĞƌ ;ƐŽůǀĞŶƚͿ ĂŶĚ ƵŶƐǇŵŵĞƚƌŝĐĂů ĐŽŶǀĞŶƚŝŽŶ ŝƐ ĂĚŽƉƚĞĚ ĨŽƌ
ƌĞŵĂŝŶŝŶŐĂůůƚŚĞĐŽŵƉŽŶĞŶƚƐ;ƐŽůƵƚĞͿ͘
dŚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨǁĂƚĞƌ; ZP Ϳ͕ĂĐĐŽƌĚŝŶŐƚŽƚŚĞƐǇŵŵĞƚƌŝĐĂůĐŽŶǀĞŶƚŝŽŶ͕ĐĂŶďĞǁƌŝƚƚĞŶĂƐ
  OQ OQZ Z Z Z Z Z57 D 57 [P P P J         ;ϮͿ
ǁŚĞƌĞ͕ ZP  ŝƐƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨǁĂƚĞƌ͕ ZD  ŝƐƚŚĞĂĐƚŝǀŝƚǇŽĨǁĂƚĞƌ͕ Z[  ŝƐƚŚĞǁĂƚĞƌ
ŵŽůĞ ĨƌĂĐƚŝŽŶ͕ĂŶĚ ZJ  ŝƐ ƚŚĞƌĂƚŝŽŶĂů ƐǇŵŵĞƚƌŝĐĂůĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚŽĨǁĂƚĞƌ͘dŚĞĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚŽĨ
ǁĂƚĞƌŝŶŝƚƐƉƵƌĞĐŽŵƉŽŶĞŶƚƐƚĂƚĞŝƐƵŶŝƚǇĂƚĂůůƚĞŵƉĞƌĂƚƵƌĞƐ͕ĂĐĐŽƌĚŝŶŐƚŽƚŚĞƐǇŵŵĞƚƌŝĐĂůĐŽŶǀĞŶƚŝŽŶŝ͘Ğ͘





JJ J f        ;ϯͿ
ǁŚĞƌĞ͕ LJ f  ŝƐ ƚŚĞ ĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚ Ăƚ ŝŶĨŝŶŝƚĞ ĚŝůƵƚŝŽŶ ĂŶĚ LJ  ŝƐ ƚŚĞ ƌĂƚŝŽŶĂů ƵŶƐǇŵŵĞƚƌŝĐĂů ĂĐƚŝǀŝƚǇ
ĐŽĞĨĨŝĐŝĞŶƚŽĨƐŽůƵƚĞ L ĂŶĚŚĂƐĂǀĂůƵĞŽĨƵŶŝƚǇĂƚŝŶĨŝŶŝƚĞĚŝůƵƚŝŽŶŝ͘Ğ͘  LJ  Ăƚ ŝŶĨŝŶŝƚĞĚŝůƵƚŝŽŶ͘dŚĞƚĞƌŵ








ĚĞƉĞŶĚĞŶƚ ŽŶ ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚƉƌĞƐƐƵƌĞ͘ dŚĞ ƌĂƚŝŽŶĂů ƵŶƐǇŵŵĞƚƌŝĐĂů ĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚ ĐĂŶ ďĞ ƵƐĞĚ ŝŶ
ƋƵĂƚŝŽŶ ϭ ƚŽ ĚĞƌŝǀĞ ĂŶ ĞǆƉƌĞƐƐŝŽŶ ĨŽƌ ƚŚĞ ĐŚĞŵŝĐĂů ƉŽƚĞŶƚŝĂů ŽĨ ĐŽŵƉŽŶĞŶƚ ;ŝŽŶͿ L  ďĂƐĞĚ ŽŶ
ƵŶƐǇŵŵĞƚƌŝĐĂůĐŽŶǀĞŶƚŝŽŶ͘
  OQL L L L57 [P P J        ;ϰͿ
ǁŚĞƌĞ͕ LP ŝƐƚŚĞƌĂƚŝŽŶĂůƵŶƐǇŵŵĞƚƌŝĐĂůƐƚĂŶĚĂƌĚƐƚĂƚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůĚĞĨŝŶĞĚĂƐ
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dŚĞĐŽŵďŝŶĂƚŽƌŝĂůƚĞƌŵŝƐƚĞŵƉĞƌĂƚƵƌĞŝŶĚĞƉĞŶĚĞŶƚĂŶĚĚĞƉĞŶĚƐŽŶƚŚĞĐŽŶĐĞŶƚƌĂƚŝŽŶƐĂŶĚƌĞůĂƚŝǀĞƐŝǌĞƐ
ŽĨƚŚĞƐƉĞĐŝĞƐ͘ ] ŝƐƚŚĞĐŽͲŽƌĚŝŶĂƚŝŽŶŶƵŵďĞƌŽĨƚŚĞůĂƚƚŝĐĞĂŶĚĂƐƐŝŐŶĞĚĂǀĂůƵĞƐŽĨϭϬĂŶĚ L[ ŝƐƚŚĞŵŽůĞ













[ TT  ¦       ;ϵͿ
ǁŚĞƌĞ͕ LU ĂŶĚ LT ĂƌĞƚŚĞǀŽůƵŵĞĂŶĚƐƵƌĨĂĐĞĂƌĞĂƉĂƌĂŵĞƚĞƌƐĨŽƌƚŚĞĐŽŵƉŽŶĞŶƚ L ͘dŚĞƐĞƉĂƌĂŵĞƚĞƌƐĂƌĞ
ĚĞƚĞƌŵŝŶĞĚ ĨƌŽŵ ƚŚĞ ƉƌŽƉĞƌƚŝĞƐ ŽĨ ŶŽŶͲĞůĞĐƚƌŽůǇƚĞ ŵŽůĞĐƵůĞƐ ŝŶ ƚŚĞ ĐůĂƐƐŝĐĂů ĂƉƉůŝĐĂƚŝŽŶ ŽĨ hE/Yh
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      ;ϭϭͿ
ǁŚĞƌĞ͕ LMX ĂŶĚ MMX ĂƌĞ ƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶĞŶĞƌŐǇƉĂƌĂŵĞƚĞƌƐ͘ LMX  ƌĞƉƌĞƐĞŶƚƐƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶĂĐƌŽƐƐĂďŝŶĂƌǇ
ƉĂŝƌŽĨĚŝĨĨĞƌĞŶƚĐŽŵƉŽŶĞŶƚƐĂŶĚ MMX ƌĞƉƌĞƐĞŶƚƐŝŶƚĞƌĂĐƚŝŽŶĂĐƌŽƐƐĂďŝŶĂƌǇƉĂŝƌŽĨƐĂŵĞĐŽŵƉŽŶĞŶƚ͘dŚĞƐĞ
ƉĂƌĂŵĞƚĞƌƐĂƌĞĐŽŶƐŝĚĞƌĞĚƐǇŵŵĞƚƌŝĐĂůĂŶĚƚĞŵƉĞƌĂƚƵƌĞƐĚĞƉĞŶĚĞŶƚĂƐ
  7LM LM LMX X X 7         ;ϭϮͿ
ǁŚĞƌĞ͕ LMX  ĂŶĚ 7LMX  ĂƌĞ ĂĚũƵƐƚĂďůĞ ŝŶƚĞƌĂĐƚŝŽŶ ƉĂƌĂŵĞƚĞƌƐ ŽĨ ƚŚĞ ŵŽĚĞů ĚĞƚĞƌŵŝŶĞĚ ďǇ ĨŝƚƚŝŶŐ ƚŽ ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘
dŚĞ ƚŚŝƌĚ ƚĞƌŵ ŝŶ ƚŚĞ ǆƚĞŶĚĞĚ hE/YhŵŽĚĞů ŝƐ ĚĞƌŝǀĞĚ ĨƌŽŵ ƚŚĞ ĞǆƚĞŶĚĞĚ ĞďǇĞͲ,ƺĐŬĞů ůĂǁ͘ dŚĞ
ĨŽůůŽǁŝŶŐĞǆƉƌĞƐƐŝŽŶŽĨĞǆĐĞƐƐ'ŝďďƐĞŶĞƌŐǇŝƐƵƐĞĚĨŽƌƚŚĞĞďǇĞͲ,ƺĐŬĞůĐŽŶƚƌŝďƵƚŝŽŶƚŽƚŚĞŵŽĚĞů
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    ;ϭϯͿ
ǁŚĞƌĞ͕ Z[ ŝƐƚŚĞŵŽůĞĨƌĂĐƚŝŽŶĂŶĚ Z0 ;ŬŐ͘ŵŽůͲϭͿŝƐƚŚĞŵŽůĂƌŵĂƐƐŽĨǁĂƚĞƌ͘E ƉĂƌĂŵĞƚĞƌŚĂƐĂĐŽŶƐƚĂŶƚ




, P = ¦       ;ϭϰͿ
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ǁŚĞƌĞ͕ $1 ŝƐǀŽŐĂĚƌŽ͛ƐŶƵŵďĞƌ;ϲ͘ϬϮϯyϭϬϮϯŵŽůͲϭͿ͕ G ŝƐƚŚĞĚĞŶƐŝƚǇŽĨǁĂƚĞƌŝŶŬŐ͘ŵͲϯ͕H ŝƐƚŚĞĞůĞĐƚƌŽŶ
ĐŚĂƌŐĞ ;ϭ͘ϲϬϮϬϲyϭϬͲϭϵ Ϳ͕ H  ŝƐ ƚŚĞƉĞƌŵŝƚƚŝǀŝƚǇ ŝŶ ǀĂĐƵƵŵ ;ϴ͘ϴϱϰϮyϭϬͲϭϮ Ϯ͘:Ͳϭ͘ŵͲϭͿ͕ UH  ŝƐ ƚŚĞĚŝĞůĞĐƚƌŝĐ
ĐŽŶƐƚĂŶƚ ;Žƌ ƌĞůĂƚŝǀĞ ƉĞƌŵŝƚƚŝǀŝƚǇͿ ŽĨ ƐŽůǀĞŶƚ ;ĚŝŵĞŶƐŝŽŶůĞƐƐͿ ϳϴ͘ϰ ĨŽƌ ǁĂƚĞƌ Ăƚ Ϯϵϴ͘ϭϱ <͕ N  ŝƐ ƚŚĞ
ŽůƚǌŵĂŶŶ͛ƐĐŽŶƐƚĂŶƚ;ϭ͘ϯϴϭyϭϬͲϮϯ:͘<ͲϭͿ͕ĂŶĚ7 ŝƐƚŚĞƚĞŵƉĞƌĂƚƵƌĞŝŶ<ĞůǀŝŶ͘ĂƐĞĚŽŶƚŚĞĚĞŶƐŝƚǇŽĨƉƵƌĞ
ǁĂƚĞƌ ĂŶĚ ƚŚĞ ĚŝĞůĞĐƚƌŝĐ ĐŽŶƐƚĂŶƚ ŽĨ ǁĂƚĞƌ͕ ƚŚĞ ĞďǇĞͲ,ƺĐŬĞů ƉĂƌĂŵĞƚĞƌ ĐĂŶ ďĞ ĂƉƉƌŽǆŝŵĂƚĞĚ ŝŶ ƚŚĞ
ƚĞŵƉĞƌĂƚƵƌĞƌĂŶŐĞŽĨϮϳϯ͘ϭϱ<фdфϰϳϯ͘ϭϱ<ďǇ
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dŚĞhE/YhĞǆĐĞƐƐ'ŝďďƐĞŶĞƌŐǇĨƵŶĐƚŝŽŶƐĨŽƌƚŚĞĐŽŵďŝŶĂƚŽƌŝĂůĂŶĚƚŚĞƌĞƐŝĚƵĂůƚĞƌŵƐĂƌĞďĂƐĞĚŽŶƚŚĞ
ƌĂƚŝŽŶĂůƐǇŵŵĞƚƌŝĐĂůĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚĐŽŶǀĞŶƚŝŽŶ͘,ŽǁĞǀĞƌ͕ƚŚĞĞďǇĞͲ,ƺĐŬĞůĐŽŶƚƌŝďƵƚŝŽŶƚŽƚŚĞĞǆĐĞƐƐ
'ŝďďƐĞŶĞƌŐǇ ĨƵŶĐƚŝŽŶ ŝƐďĂƐĞĚŽŶƌĂƚŝŽŶĂůƐǇŵŵĞƚƌŝĐĂůĐŽŶǀĞŶƚŝŽŶ ĨŽƌǁĂƚĞƌĂŶĚƌĂƚŝŽŶĂůƵŶƐǇŵŵĞƚƌŝĐĂů
ĐŽŶǀĞŶƚŝŽŶĨŽƌŝŽŶƐ͘
dŚĞ ƌĂƚŝŽŶĂů ƐǇŵŵĞƚƌŝĐĂů ĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚƐ ŽĨ ƚŚĞ ĐŽŵďŝŶĂƚŽƌŝĂů ĂŶĚ ƚŚĞ ƌĞƐŝĚƵĂů hE/Yh ƚĞƌŵƐ ĂƌĞ
ŽďƚĂŝŶĞĚďǇƉĂƌƚŝĂůŵŽůĂƌĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶŽĨƚŚĞƐĞƚĞƌŵƐ
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¦ ¦ ¦     ;ϭϴͿ
ǇƐĞƚƚŝŶŐ Z[  ĨŽƌƋƵĂƚŝŽŶƐϭϳĂŶĚϭϴ͕ƚŚĞŝŶĨŝŶŝƚĞĚŝůƵƚŝŽŶƚĞƌŵƐĐĂŶďĞŽďƚĂŝŶĞĚĂƐ
OQ OQ  OQ 
& L L L L Z L Z
L L
Z Z Z L Z L
U U ] UT UTTU U U T U TJ
f ª º§ · § ·     « »¨ ¸ ¨ ¸© ¹ © ¹¬ ¼
    ;ϭϵͿ
 OQ  OQ5L L ZL LZTJ \ \f         ;ϮϬͿ
^ŝŵŝůĂƌůǇ͕ ďǇƉĂƌƚŝĂůŵŽůĂƌĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶŽĨ ƚŚĞ ĞǆĐĞƐƐ'ŝďďƐĞŶĞƌŐǇ ĨƵŶĐƚŝŽŶŽĨ ƚŚĞĞďǇĞͲ,ƺĐŬĞů ƚĞƌŵ͕
ŽŶĞĐĂŶŽďƚĂŝŶƚŚĞĞůĞĐƚƌŽƐƚĂƚŝĐĐŽŶƚƌŝďƵƚŝŽŶƐƚŽƚŚĞƌĂƚŝŽŶĂůƐǇŵŵĞƚƌŝĐĂůĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚŽĨǁĂƚĞƌĂŶĚ
ƌĂƚŝŽŶĂůƵŶƐǇŵŵĞƚƌŝĐĂůĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚƐŽĨŝŽŶƐ











&ŝŶĂůůǇ͕ ƚŚĞĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚŽĨǁĂƚĞƌ ŝŶ ƚŚĞǆƚĞŶĚĞĚhEYhŵŽĚĞů ŝƐŽďƚĂŝŶĞĚďǇĂĚĚŝŶŐ ƚŚĞƚŚƌĞĞ
ĐŽŶƚƌŝďƵƚŝŽŶƐĂƐ͗
OQ OQ OQ OQ& 5 '+Z Z Z ZJ J J J        ;ϮϯͿ
ŶĚ ƚŚĞĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚƐŽĨ ŝŽŶ ;Žƌ ĐŽŵƉŽŶĞŶƚͿ L ĂƌĞŽďƚĂŝŶĞĚďǇƚŚĞ ƐƵŵŵĂƚŝŽŶŽĨ ƚŚƌĞĞ ƚĞƌŵƐĂŶĚ
ĂĐĐŽƌĚŝŶŐƚŽƚŚĞĚĞĨŝŶŝƚŝŽŶŽĨƌĂƚŝŽŶĂůƵŶƐǇŵŵĞƚƌŝĐĂůĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚĂƐ͗
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ƚŽ ďĞ ĨŝƚƚĞĚ ĨŽƌ ƚŚĞ ŐĂƐ ƉŚĂƐĞ͘ WƵƌĞ ĐŽŵƉŽŶĞŶƚ ƉƌŽƉĞƌƚŝĞƐ ;ĐƌŝƚŝĐĂů ƚĞŵƉĞƌĂƚƵƌĞ͕ ĐƌŝƚŝĐĂů ƉƌĞƐƐƵƌĞ ĂŶĚ
ĂĐĞŶƚƌŝĐĨĂĐƚŽƌͿƵƐĞĚĨŽƌƚŚĞĐĂůĐƵůĂƚŝŽŶƐĂƌĞƚĂďƵůĂƚĞĚŝŶdĂďůĞϱ͘ϭ͘
dĂďůĞϱ͘ϭ͗WƵƌĞĐŽŵƉŽŶĞŶƚƉƌŽƉĞƌƚŝĞƐƵƐĞĚŝŶ^Z<Ž^͘
ŽŵƉŽŶĞŶƚ ƌŝƚŝĐĂůdĞŵƉĞƌĂƚƵƌĞ͕dĐͬ;<Ϳ ƌŝƚŝĐĂůWƌĞƐƐƵƌĞ͕WĐͬ;ďĂƌͿ ĐĞŶƚƌŝĐĨĂĐƚŽƌZ 
+ 2  ϲϰϳ͘ϭ ϮϮϬ͘ϲϰ Ϭ͘ϯϰϱ
&2  ϯϬϰ͘ϭϯ ϳϯ͘ϳϳ Ϭ͘ϮϮϱ
'(($  ϲϭϵ͘ϰϭ Ϯϲ͘ϯϳ Ϭ͘ϳϯϮ






ŝƐƐŽĐŝĂƚŝŽŶŽĨǁĂƚĞƌ͗          + 2 O + DT 2+ DT o m    ;ϮϱͿ
,ǇĚƌĂƚŝŽŶŽĨKϮ͗              &2 DT + 2 O +&2 DT + DT o m   ;ϮϲͿ
ŝĐĂƌďŽŶĂƚĞĚŝƐƐŽĐŝĂƚŝŽŶ͗          +&2 DT &2 DT + DT  o m    ;ϮϳͿ
WƌŽƚŽŶĂƚŝŽŶŽĨ͗         '(($ DT + DT '(($+ DT o m   ;ϮϴͿ







ŝͲƉƌŽƚŽŶĂƚŝŽŶŽĨDW͗         0$3$+ DT + DT +0$3$+ DT   o m   ;ϯϬͿ
DWĐĂƌďĂŵĂƚĞ;ƉƌŝŵͿ͗              0$3$ DT +&2 DT 0$3$&22 DT + 2 O o m  ;ϯϭͿ
tŚĞŶKϮŝƐĚŝƐƐŽůǀĞĚŝŶƚŚĞĂƋƵĞŽƵƐƚĞƌƚŝĂƌǇĂŵŝŶĞƐŽůƵƚŝŽŶƐůŝŬĞ͕ŝƚƉƌŽŵŽƚĞƐƚŚĞŚǇĚƌĂƚŝŽŶŽĨKϮ
ƚŽƉƌŽĚƵĐĞďŝĐĂƌďŽŶĂƚĞĂƐƐƵŐŐĞƐƚĞĚďǇŽŶĂůĚƐŽŶĂŶĚEŐƵǇĞŶ͘ϭϳ
               '(($ DT + 2 O &2 DT '(($+ DT +&2 DT om    ;ϯϮͿ
/ƚƐŚŽƵůĚďĞŶŽƚĞĚƚŚĂƚƚŚĞƌĞĂĐƚŝŽŶŐŝǀĞŶŝŶƋƵĂƚŝŽŶϯϮŝƐƐƵŵƚŽƚŚĞƚǁŽƌĞĂĐƚŝŽŶƐŐŝǀĞŶŝŶƋƵĂƚŝŽŶƐϮϲ
ĂŶĚϮϴ͘
KŶ ƚŚĞŽƚŚĞƌ ŚĂŶĚDW ŝƐ Ă ĚŝĂŵŝŶĞ ĐŽŶƚĂŝŶŝŶŐ ĂƉƌŝŵĂƌǇĂŶĚ Ă ƐĞĐŽŶĚĂƌǇĂŵŝŶĞ ĨƵŶĐƚŝŽŶĂů ŐƌŽƵƉ͘ /ƚ
ĨŽƌŵƐĐĂƌďĂŵĂƚĞǁŚĞŶƌĞĂĐƚĞĚǁŝƚŚKϮĂŶĚƚŚĞƌĞĂƌĞƉŽƐƐŝďŝůŝƚŝĞƐŽĨĂůĂƌŐĞŶƵŵďĞƌŽĨĐŚĞŵŝĐĂůƌĞĂĐƚŝŽŶƐ
ĂŶĚĨŽƌŵĂƚŝŽŶŽĨƐĞǀĞƌĂůĚŝĨĨĞƌĞŶƚƐƉĞĐŝĞƐ͘dŚĞĐŽŵƉůĞǆŝƚǇŽĨƚŚĞƐǇƐƚĞŵŝƐƐŝŵŝůĂƌƚŽƚŚĂƚŽĨĂƋƵĞŽƵƐϮͲ;;ϮͲ
ŵŝŶŽĞƚŚǇůͿĂŵŝŶŽͿĞƚŚĂŶŽů ;Ϳ͕ ĂŶ ĂůŬĂŶŽůĂŵŝŶĞ ǁŝƚŚ ďŽƚŚ ƉƌŝŵĂƌǇ ĂŶĚ ƐĞĐŽŶĚĂƌǇ ĂŵŝŶĞ ŐƌŽƵƉƐ͘ϭϴ
dŚĞƌĞ ŵĂǇ ďĞ ĞŝŐŚƚ ƉŽƐƐŝďůĞ DW ƐƉĞĐŝĞƐ ƉƌĞƐĞŶƚ ŝŶ ƚŚĞ ĂƋƵĞŽƵƐ ƉŚĂƐĞ͗  0$3$ DT ͕ 0$3$+  ͕
+0$3$+  ͕ 0$3$&22 ;ďŽƚŚ ƉƌŝŵĂƌǇ ĂŶĚ ƐĞĐŽŶĚĂƌǇ ĐĂƌďĂŵĂƚĞͿ͕ +0$3$&22  ;ďŽƚŚ ƉƌŝŵĂƌǇ ĂŶĚ
ƐĞĐŽŶĚĂƌǇƉƌŽƚŽŶĂƚĞĚĐĂƌďĂŵĂƚĞͿ͕ĂŶĚ 22&0$3$&22  ͘DĂ͛ŵƵŶĞƚĂů͘ϭϴƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞĨŽƌŵĂƚŝŽŶŽĨ
ƐĞĐŽŶĚĂƌǇ ĐĂƌďĂŵĂƚĞĂŶĚĚŝĐĂƌďĂŵĂƚĞŽĨ ŝƐ ǀĞƌǇ ƐŵĂůů ŝŶ ƚŚĞǁŚŽůĞKϮ ůŽĂĚŝŶŐ ƌĂŶŐĞŽĨ ϬͲϭŵŽů
KϮ͘;ŵŽů ͿͲϭ͘ dŚĞǇ ĂůƐŽ ƌĞƉŽƌƚĞĚ ƚŚĂƚ ƚŚĞ ƉƌŝŵĂƌǇ ĐĂƌďĂŵĂƚĞ ŽĨ  ŝƐ ƚŚĞ ĚŽŵŝŶĂƚŝŶŐ ĐĂƌďĂŵĂƚĞ
ƐƉĞĐŝĞƐ ƉƌĞƐĞŶƚ ŝŶ ƚŚĞ ĂƋƵĞŽƵƐ ƉŚĂƐĞ͘ dŚĞƌĞĨŽƌĞ͕ ŽŶůǇ ĨŽƵƌ ƐƉĞĐŝĞƐ ŽĨ DW ;  0$3$ DT ͕ 0$3$+  ͕






P P ¦ ¦       ;ϯϯͿ
&Žƌ ĞƋƵŝůŝďƌŝƵŵ ĐĂůĐƵůĂƚŝŽŶƐ ƋƵĂƚŝŽŶ ϯϯ ŝƐ ĂƉƉůŝĞĚ ƚŽ͕ ĨŽƌ ĞǆĂŵƉůĞ͕ ŚǇĚƌĂƚŝŽŶ ŽĨ KϮ ;ƋƵĂƚŝŽŶ ϮϲͿ ďǇ
ĐŽŶƐŝĚĞƌŝŶŐ ƚŚĞ ƐǇŵŵĞƚƌŝĐĂů ĐŽŶǀĞŶƚŝŽŶ ĨŽƌ ǁĂƚĞƌ ;ƋƵĂƚŝŽŶ ϮͿ ĂŶĚ ƵŶƐǇŵŵĞƚƌŝĐĂů ĐŽŶǀĞŶƚŝŽŶ ĨŽƌ
ƌĞŵĂŝŶŝŶŐƐƉĞĐŝĞƐ;ƋƵĂƚŝŽŶϰͿƚŽŐĞƚĨŽůůŽǁŝŶŐĞǆƉƌĞƐƐŝŽŶ
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ǁŚĞƌĞ͕ M*' ŝƐƚŚĞŝŶĐƌĞŵĞŶƚŝŶƐƚĂŶĚĂƌĚƐƚĂƚĞ'ŝďďƐĞŶĞƌŐǇĨŽƌƚŚĞƌĞĂĐƚŝŽŶ M ͘ LD ŝƐƚŚĞĂĐƚŝǀŝƚǇŽĨƐƉĞĐŝĞƐ




     + 2 O + 2 Jom       ;ϯϲͿ
     &2&2 DT Jom       ;ϯϳͿ
    '(($ DT '(($ Jom      ;ϯϴͿ
    0$3$ DT 0$3$ Jom      ;ϯϵͿ
dŚĞĞƋƵŝůŝďƌŝƵŵĐŽŶĚŝƚŝŽŶŝƐƚŚĂƚƚŚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨĐŽŵƉŽŶĞŶƚ L ŝŶƚŚĞĂƋƵĞŽƵƐƉŚĂƐĞŝƐŝĚĞŶƚŝĐĂů
ƚŽƚŚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨĐŽŵƉŽŶĞŶƚ L ŝŶƚŚĞŐĂƐƉŚĂƐĞĂƚĂŐŝǀĞŶƚĞŵƉĞƌĂƚƵƌĞĂŶĚƉƌĞƐƐƵƌĞ͘
   L DT L JP P        ;ϰϬͿ
dŚĞ ĐŚĞŵŝĐĂů ƉŽƚĞŶƚŝĂů ŽĨ ĐŽŵƉŽŶĞŶƚ L  ŝŶ ƚŚĞ ŐĂƐ ƉŚĂƐĞ Ăƚ Ă ƚĞŵƉĞƌĂƚƵƌĞ 7  ĂŶĚ ƉƌĞƐƐƵƌĞ 3  ĐĂŶ ďĞ
ĞǆƉƌĞƐƐĞĚĂƐ
      

Ö
  OQLJ L LLL J
\ 37 3 7 3 57 3
IP P § ·  ¨ ¸¨ ¸© ¹
    ;ϰϭͿ
ǁŚĞƌĞ͕   LJL 7 3P ŝƐƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨƉƵƌĞŐĂƐ L ĂƚƚĞŵƉĞƌĂƚƵƌĞ7 ĂŶĚƉƌĞƐƐƵƌĞ
3 сϭďĂƌ͕ L\  ŝƐƚŚĞŵŽůĞĨƌĂĐƚŝŽŶŽĨĐŽŵƉŽŶĞŶƚ L  ŝŶƚŚĞŐĂƐƉŚĂƐĞ͕ĂŶĚ ÖLI  ŝƐƚŚĞĨƵŐĂĐŝƚǇĐŽĞĨĨŝĐŝĞŶƚŽĨ
ĐŽŵƉŽŶĞŶƚ L ǁŚŝĐŚĚĞƐĐƌŝďĞƐ ƚŚĞĚĞǀŝĂƚŝŽŶ ĨƌŽŵƚŚĞ ŝĚĞĂůďĞŚĂǀŝŽƌ ũƵƐƚ ůŝŬĞ ƚŚĞĂĐƚŝǀŝƚǇĐŽĞĨĨŝĐŝĞŶƚ ; LJ Ϳ
ǁŚŝĐŚĚĞƐĐƌŝďĞƐƚŚĞŶŽŶͲŝĚĞĂůŝƚǇŝŶƚŚĞƐŽůƵƚŝŽŶƐĂƐĚĞƐĐƌŝďĞĚĞĂƌůŝĞƌ͘
dŚĞĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨĐŽŵƉŽŶĞŶƚ L ŝŶƚŚĞĂƋƵĞŽƵƐƉŚĂƐĞĐĂŶďĞǁƌŝƚƚĞŶĂƐ
                OQL DT L DT L DT L DT L DT7 3 9 3 3 57 [P P J        ;ϰϮͿ
ƋƵĂƚŝŽŶƐ ϰϭ ĂŶĚ ϰϮ ĐĂŶ ďĞ ĞƋƵĂƚĞĚ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ĐƌŝƚĞƌŝŽŶ ĨŽƌ ǀĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ ĂƐ ŐŝǀĞŶ ŝŶ
ƋƵĂƚŝŽŶϰϬƚŽŐĞƚĂŶĞǆƉƌĞƐƐŝŽŶŐŝǀĞŶďĞůŽǁ
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§ ·'  ¨ ¸¨ ¸© ¹
      ;ϰϰͿ
dŚĞŵŽůĞĨƌĂĐƚŝŽŶŽĨƉƵƌĞĐŽŵƉŽŶĞŶƚ L ŝƐƐĂŵĞďŽƚŚŝŶƚŚĞůŝƋƵŝĚĂŶĚƚŚĞŐĂƐƉŚĂƐĞƐŝ͘Ğ͘ L L[ \ ͘ůƐŽ͕ƚŚĞ
ƌĂƚŝŽŶĂů ƐǇŵŵĞƚƌŝĐĂů ĂĐƚŝǀŝƚǇ ĐŽĞĨĨŝĐŝĞŶƚ ŽĨ ƉƵƌĞ ĐŽŵƉŽŶĞŶƚ L  ŝƐ ƵŶŝƚǇ ŝ͘Ğ͘ LJ   Ăƚ L[  ͘ dŚĞƌĞĨŽƌ ďǇ





OQ L L 3*57 3
I J f§ ·'  ¨ ¸¨ ¸© ¹












'        ;ϰϳͿ





ŝŶƚŚĞƚǁŽůŝƋƵŝĚƉŚĂƐĞƐ͕ , ĂŶĚ ,, ͘
, ,,







^ŝŶĐĞƚŚĞƐĂŵĞƐƚĂŶĚĂƌĚƐƚĂƚĞ ŝƐƵƐĞĚ ĨŽƌĞĂĐŚ ŝŶĚĞƉĞŶĚĞŶƚĐŽŵƉŽŶĞŶƚ ŝŶ ƚŚĞƚǁŽƉŚĂƐĞƐ͕ ƚŚĞƐƚĂŶĚĂƌĚ
ƐƚĂƚĞ ĐŚĞŵŝĐĂů ƉŽƚĞŶƚŝĂů ŽŶ ďŽƚŚ ƐŝĚĞƐ ŽĨ ƋƵĂƚŝŽŶ ϰϴ ǁŝůů ĐĂŶĐĞů ŽƵƚ ĞĂĐŚ ŽƚŚĞƌ ĂŶĚ ƌĞĚƵĐĞƐ ƚŽ ƚŚĞ
ĨŽůůŽǁŝŶŐĞǆƉƌĞƐƐŝŽŶ
, ,,
L LD D        ;ϰϵͿ
ǁŚĞƌĞ͕ ,LD ĂŶĚ ,,LD ĂƌĞƚŚĞĂĐƚŝǀŝƚǇŽĨĐŽŵƉŽŶĞŶƚ L ŝŶƚŚĞůŝƋƵŝĚƉŚĂƐĞƐ , ĂŶĚ ,, ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘dŚĞƌĞĨŽƌĞ͕
ƚŚĞĐƌŝƚĞƌŝŽŶ ĨŽƌ ƚŚĞ>>ĐĂůĐƵůĂƚŝŽŶƐ ŝƐ ƚŚĂƚ ƚŚĞĂĐƚŝǀŝƚǇŽĨĞĂĐŚ ŝŶĚĞƉĞŶĚĞŶƚĐŽŵƉŽŶĞŶƚ ŝƐƐĂŵĞ ŝŶďŽƚŚ
ůŝƋƵŝĚƉŚĂƐĞƐ͘
ϱ͘ϲǆĐĞƐƐŶƚŚĂůƉǇĂůĐƵůĂƚŝŽŶƐ
dŚĞƌŵĂů ƉƌŽƉĞƌƚǇ ĚĂƚĂ ƐƵĐŚ ĂƐ ĞǆĐĞƐƐ ĞŶƚŚĂůƉǇ ĂƌĞ ǀĞƌǇ ƵƐĞĨƵů ĨŽƌ ĚĞƚĞƌŵŝŶĂƚŝŽŶ ŽĨ ƚŚĞ ƐƵƌĨĂĐĞ ĂƌĞĂ
ƉĂƌĂŵĞƚĞƌ ; T Ϳ ďĞĐĂƵƐĞ ƚŚĞ hE/Yh ĐŽŶƚƌŝďƵƚŝŽŶ ƚŽ ƚŚĞ ĞǆĐĞƐƐ ĞŶƚŚĂůƉǇ ŝƐ ƉƌŽƉŽƌƚŝŽŶĂů ƚŽ ƚŚĞ T 
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    &2 &2
DEV
&2
Q + Q + Q ++ Q
 '       ;ϱϭͿ
ǁŚĞƌĞ͕ DEV+' ŝƐƚŚĞŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶƉĞƌŵŽůĞŽĨKϮĂďƐŽƌďĞĚ͘ + ĂŶĚ Q ĂƌĞƚŚĞŵŽůĂƌĞŶƚŚĂůƉǇĂŶĚ
ŶƵŵďĞƌŽĨŵŽůĞƐŽĨ ƐŽůƵƚŝŽŶďĞĨŽƌĞKϮ ĂďƐŽƌƉƚŝŽŶ͕ +  ĂŶĚ Q  ĂƌĞ ƚŚĞŵŽůĂƌĞŶƚŚĂůƉǇĂŶĚŶƵŵďĞƌŽĨ
ŵŽůĞƐŽĨƐŽůƵƚŝŽŶĂĨƚĞƌKϮĂďƐŽƌƉƚŝŽŶ͕ĂŶĚ &2+ ĂŶĚ &2Q ĂƌĞƚŚĞŵŽůĂƌĞŶƚŚĂůƉǇĂŶĚŶƵŵďĞƌŽĨŵŽůĞƐŽĨ
KϮĂďƐŽƌďĞĚŝŶƚŚĞƐŽůƵƚŝŽŶ͘
ƚ ĐŽŶƐƚĂŶƚƉƌĞƐƐƵƌĞĂŶĚ ĐŽŵƉŽƐŝƚŝŽŶ͕ ƚŚĞ ƚŽƚĂů ĞŶƚŚĂůƉǇŽĨ ĨŽƌŵĂƚŝŽŶŽĨ ĂŶĞůĞĐƚƌŽůǇƚĞ ƐŽůƵƚŝŽŶ ĐĂŶďĞ
ĐĂůĐƵůĂƚĞĚĂƐ
Z Z L L
L







ǁŚĞƌĞ͕ Z+ ĂŶĚ L+ ĂƌĞƚŚĞƉĂƌƚŝĂůŵŽůĂƌĞŶƚŚĂůƉǇŽĨǁĂƚĞƌĂŶĚĐŽŵƉŽŶĞŶƚ;ƐŽůƵƚĞͿ L ͕ƌĞƐƉĞĐƚŝǀĞůǇ͘ ZQ ĂŶĚ
LQ  ĂƌĞ ƚŚĞŶƵŵďĞƌŽĨŵŽůĞƐŽĨǁĂƚĞƌ ĂŶĚ ĐŽŵƉŽŶĞŶƚ L ͕ǁŚŝĐŚ ŝƐ ƚŚĞĞƋƵŝůŝďƌŝƵŵĐŽŵƉŽƐŝƚŝŽŶĂĐŚŝĞǀĞĚ
ĂĨƚĞƌƚŚĞĞƐƚĂďůŝƐŚŵĞŶƚŽĨƐƉĞĐŝĂƚŝŽŶĞƋƵŝůŝďƌŝƵŵ͘
dŚĞƉĂƌƚŝĂůŵŽůĂƌĞŶƚŚĂůƉŝĞƐŽĨǁĂƚĞƌĂŶĚƐŽůƵƚĞĐĂŶďĞĐĂůĐƵůĂƚĞĚĨƌŽŵƚŚĞƚĞŵƉĞƌĂƚƵƌĞĚĞƌŝǀĂƚŝǀĞƐŽĨƚŚĞ
ĐŚĞŵŝĐĂů ƉŽƚĞŶƚŝĂůƐ Ăƚ ĐŽŶƐƚĂŶƚ ƉƌĞƐƐƵƌĞ ĂŶĚ ĐŽŵƉŽƐŝƚŝŽŶ͘ dŚĞƌĞĨŽƌĞ͕ ƚŚĞ ĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶ ŽĨ ƋƵĂƚŝŽŶ Ϯ
;ĐŚĞŵŝĐĂůƉŽƚĞŶƚŝĂůŽĨǁĂƚĞƌͿǁŝƚŚƌĞƐƉĞĐƚƚŽƚĞŵƉĞƌĂƚƵƌĞĂƚĐŽŶƐƚĂŶƚƉƌĞƐƐƵƌĞĂŶĚĐŽŵƉŽƐŝƚŝŽŶŐŝǀĞƐ
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Z Z Z+ + +
57 57 57        ;ϱϰͿ
ǁŚĞƌĞ͕ Z+ ŝƐƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞŵŽůĂƌĞŶƚŚĂůƉǇŽĨĨŽƌŵĂƚŝŽŶĂŶĚ H[Z+ ŝƐƚŚĞƉĂƌƚŝĂůŵŽůĂƌĞǆĐĞƐƐĞŶƚŚĂůƉǇ
ŽĨǁĂƚĞƌ͘
^ŝŵŝůĂƌůǇ͕ ƚŚĞĚŝĨĨĞƌĞŶƚŝĂƚŝŽŶŽĨ ĐŚĞŵŝĐĂů ƉŽƚĞŶƚŝĂů ŽĨ ƐŽůƵƚĞ ;ƋƵĂƚŝŽŶϰͿǁŝƚŚ ƌĞƐƉĞĐƚ ƚŽ ƚĞŵƉĞƌĂƚƵƌĞ Ăƚ
ĐŽŶƐƚĂŶƚƉƌĞƐƐƵƌĞĂŶĚĐŽŵƉŽƐŝƚŝŽŶůĞĂĚƐƚŽ
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L L L+ + +
57 57 57        ;ϱϲͿ
ǁŚĞƌĞ͕ L+ ŝƐƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞŵŽůĂƌĞŶƚŚĂůƉǇŽĨĨŽƌŵĂƚŝŽŶĂŶĚ H[L+ ŝƐƚŚĞƉĂƌƚŝĂůŵŽůĂƌĞǆĐĞƐƐĞŶƚŚĂůƉǇ
ŽĨ ƐŽůƵƚĞ L ͘ Ǉ ƵƐŝŶŐ ƋƵĂƚŝŽŶƐ ϱϰ ĂŶĚ ϱϲ͕ ƚŚĞ ƚŽƚĂů ĞŶƚŚĂůƉǇ ŽĨ ĨŽƌŵĂƚŝŽŶ ŽĨ ĂŶ ĞůĞĐƚƌŽůǇƚĞ ƐŽůƵƚŝŽŶ Ăƚ
ĐŽŶƐƚĂŶƚƉƌĞƐƐƵƌĞĂŶĚĐŽŵƉŽƐŝƚŝŽŶ;ƋƵĂƚŝŽŶϱϮͿďĞĐŽŵĞƐ
    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dŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ƉƌŽƉĞƌƚŝĞƐ ;'ŝďďƐ ĞŶĞƌŐǇ ĂŶĚ ĞŶƚŚĂůƉǇ ŽĨ ĨŽƌŵĂƚŝŽŶ͕ ĂŶĚ ŚĞĂƚ ĐĂƉĂĐŝƚǇͿ ŽĨ ĚŝĨĨĞƌĞŶƚ
ĐŽŵƉŽŶĞŶƚƐĂŶĚƐƉĞĐŝĞƐƵƐĞĚ ŝŶƚŚŝƐǁŽƌŬǁĞƌĞƚĂŬĞŶĨƌŽŵƚŚĞE/^dƚĂďůĞƐŐŝǀĞŶĂƚϮϱŽ͘dŚĞǀĂůƵĞƐŽĨ
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//( GDWD L+ GDWD
D D· § ·¨ ¸ ¨ ¸¨ ¸ © ¹¹¦ ¦ ¦
  ;ϲϱͿ
ǁŚĞƌĞ͕͞ĐĂůĐ͟ĂŶĚ͞ĞǆƉ͟ƌĞƉƌĞƐĞŶƚƚŚĞĐĂůĐƵůĂƚĞĚǀĂůƵĞƐ;ďǇƚŚĞŵŽĚĞůͿĂŶĚĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘dŚĞĨĂĐƚŽƌƐ




dŚĞ ƚĞƌŵ YDS3  ƌĞƉƌĞƐĞŶƚƐ ƚŚĞ ƉƵƌĞ ĂŵŝŶĞ ǀĂƉŽƌ ƉƌĞƐƐƵƌĞ ;ďĂƌͿ͘ dŚĞ ƚĞƌŵ W ŝŶ ƚŚĞ s> ĚĂƚĂ ƌĞƉƌĞƐĞŶƚƐ
ĞŝƚŚĞƌ ƚŚĞ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ;ďĂƌͿ ĂďŽǀĞ ƚŚĞ ƐŽůƵƚŝŽŶƐŽƌKϮƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞĚĂƚĂ ŝŶďĂƌ͘ /Ŷ ^>ĚĂƚĂ ƚĞƌŵ͕
*' ŝƐĐŚĂŶŐĞŝŶƐƚĂŶĚĂƌĚƐƚĂƚĞ'ŝďďƐĞŶĞƌŐǇ;:͘ŵŽůͲϭͿďĞƚǁĞĞŶƐŽůŝĚ;ŝĐĞŝŶƚŚŝƐĐĂƐĞͿĂŶĚůŝƋƵŝĚƉŚĂƐĞƐ͕ LY 
ŝƐ ƐƚŽŝĐŚŝŽŵĞƚƌŝĐ ĐŽĞĨĨŝĐŝĞŶƚŽĨ ĐŽŵƉŽŶĞŶƚ͞ L ͕͟ LD  ŝƐĂĐƚŝǀŝƚǇŽĨ ĐŽŵƉŽŶĞŶƚ͞ L ͕͟Z ŝƐŐĂƐĐŽŶƐƚĂŶƚ ;ϴ͘ϯϭϰ
:͘ŵŽůͲϭ͘<ͲϭͿĂŶĚd ŝƐ ƚĞŵƉĞƌĂƚƵƌĞ ŝŶ<ĞůǀŝŶ͘ǆ сϭ< ŝƐ ŝŶĐůƵĚĞĚ ƚŽŵĂŬĞďŽƚŚĞǆĐĞƐƐĞŶƚŚĂůƉǇĂŶĚŚĞĂƚŽĨ
ĂďƐŽƌƉƚŝŽŶƚĞƌŵƐĚŝŵĞŶƐŝŽŶůĞƐƐ͘/ŶůŝƋƵŝĚͲůŝƋƵŝĚĞƋƵŝůŝďƌŝƵŵ;>>ͿĚĂƚĂƚĞƌŵ͕ ,LD ĂŶĚ ,,LD ƌĞƉƌĞƐĞŶƚĂĐƚŝǀŝƚǇ








ϭϮй͘ dŚĞ ĐĂůĐƵůĂƚĞĚ ƉƌĞƐƐƵƌĞƐ ŝŶ ƚŚĞ ŽďũĞĐƚŝǀĞ ĨƵŶĐƚŝŽŶ ;ƋƵĂƚŝŽŶ ϲϱͿǁĞƌĞ ƚŚĞ ďƵďďůĞ ƉŽŝŶƚ ƉƌĞƐƐƵƌĞƐ͘
KŶůǇĞǆƉĞƌŝŵĞŶƚĂůƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂǁĞƌĞƵƐĞĚĨŽƌƚŚĞƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶƐǁŚĞŶďŽƚŚƚŽƚĂůƉƌĞƐƐƵƌĞ



















ĂŶĚ ,ϮKͲDWͲKϮͿ ƐĞƉĂƌĂƚĞůǇ ĨŽůůŽǁĞĚ ďǇ ƚŚĞ ,ϮKͲͲDWͲKϮ ƐǇƐƚĞŵǁŚĞƌĞ Ăůů ƚŚĞ ƉĂƌĂŵĞƚĞƌƐ




ǁĞƌĞŽďƚĂŝŶĞĚ ĨŽƌĞĂĐŚŽĨ ƚŚĞ,ϮKͲͲKϮĂŶĚ,ϮKͲDWͲKϮ ƐƵďͲƐǇƐƚĞŵƐ͕ďŝŶĂƌǇƉĂƌĂŵĞƚĞƌƐĂĐƌŽƐƐ
ĚŝĨĨĞƌĞŶƚƐƉĞĐŝĞƐŽĨĂŶĚDWŝŶƚŚĞƚǁŽƐƵďͲƐǇƐƚĞŵƐǁĞƌĞĞƐƚŝŵĂƚĞĚďǇƵƐŝŶŐƚŚĞƚĞƌŶĂƌǇƵŶůŽĂĚĞĚ
ĚĂƚĂ;ƵŶůŽĂĚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚĂŶĚs>ĚĂƚĂͿ͘dŚĞŶƋƵĂƚĞƌŶĂƌǇKϮůŽĂĚĞĚĚĂƚĂ;s>ĂŶĚŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶ
ĚĂƚĂͿ ǁĞƌĞ ŝŶƚƌŽĚƵĐĞĚ ĂŶĚ Ăůů ƚŚĞ ƉƌĞͲĞƐƚŝŵĂƚĞĚ ƉĂƌĂŵĞƚĞƌƐ ǁĞƌĞ ƌĞĨŝƚƚĞĚ ƚŽ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ
ƐŝŵƵůƚĂŶĞŽƵƐůǇ ƚŽ ŐĞƚ Ă ŶĞǁ ƐĞƚ ŽĨ ƉĂƌĂŵĞƚĞƌƐ͘ &ŝŶĂůůǇ͕ ƚŚĞ >> ĚĂƚĂǁĞƌĞ ŝŶƚƌŽĚƵĐĞĚ ĂŶĚ Ă ĨŝŶĂů ƐĞƚ ŽĨ
ƉĂƌĂŵĞƚĞƌƐǁĞƌĞĞƐƚŝŵĂƚĞĚǁŚŝĐŚĐĂŶƌĞƉƌŽĚƵĐĞĂůůĚĂƚĂǀĂůƵĞƐĂŶĚĚĞƐĐƌŝďĞĂůůĚĂƚĂ ƚǇƉĞƐ;ƉƵƌĞĂŵŝŶĞ









) ) u)¦      ;ϲϲͿ
ǁŚĞƌĞ͕) ŝƐƚŚĞƚǇƉĞŽĨĚĂƚĂĂŶĚ Q ŝƐƚŚĞŶƵŵďĞƌŽĨĚĂƚĂƉŽŝŶƚƐ͘͞ĐĂůĐ͟ĂŶĚ͞ĞǆƉ͟ƌĞƉƌĞƐĞŶƚƚŚĞĐĂůĐƵůĂƚĞĚ
ĚĂƚĂǀĂůƵĞƐ;ďǇƚŚĞŵŽĚĞůͿĂŶĚĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂƌĞƐƉĞĐƚŝǀĞůǇ͘
ϵϰŵŽĚĞů ƉĂƌĂŵĞƚĞƌƐ ĂŶĚ ϲ ƚŚĞƌŵŽĚǇŶĂŵŝĐ ƉƌŽƉĞƌƚŝĞƐǁĞƌĞ ĨŝƚƚĞĚ ƚŽ ĂƉƉƌŽǆŝŵĂƚĞůǇ ϭϱϬϬ ĞǆƉĞƌŝŵĞŶƚĂů
ĚĂƚĂĐŽŶƐŝƐƚŝŶŐŽĨƉƵƌĞĂŵŝŶĞǀĂƉŽƌƉƌĞƐƐƵƌĞ͕ǀĂƉŽƌͲůŝƋƵŝĚĞƋƵŝůŝďƌŝƵŵ͕ƐŽůŝĚͲůŝƋƵŝĚĞƋƵŝůŝďƌŝƵŵ͕ůŝƋƵŝĚͲůŝƋƵŝĚ
ĞƋƵŝůŝďƌŝƵŵ͕ĞǆĐĞƐƐĞŶƚŚĂůƉǇ͕ĂŶĚŚĞĂƚŽĨĂďƐŽƌƉƚŝŽŶŽĨKϮ͘KƵƚŽĨϵϰŵŽĚĞůƉĂƌĂŵĞƚĞƌƐ͕ǀŽůƵŵĞ; U ͿĂŶĚ
ƐƵƌĨĂĐĞ ĂƌĞĂ ; T Ϳ ƉĂƌĂŵĞƚĞƌƐ ŚĂǀĞ ϲ ƉĂƌĂŵĞƚĞƌƐ ĞĂĐŚ͕ ƚŚĞ ďŝŶĂƌǇ ƉĂƌĂŵĞƚĞƌƐ LMX  ĂŶĚ 7LMX  ŚĂǀĞ ϰϭ
ƉĂƌĂŵĞƚĞƌƐ ĞĂĐŚ ĨŽƌ ĐĂůĐƵůĂƚŝŶŐ ƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶ ĞŶĞƌŐǇ ƉĂƌĂŵĞƚĞƌƐ   7LM LM LMX X X 7   ͕ ĂŶĚ ϲ
ƚŚĞƌŵŽĚǇŶĂŵŝĐƉƌŽƉĞƌƚŝĞƐĂƌĞƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞ'ŝďď͛ƐĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶĂŶĚƐƚĂŶĚĂƌĚƐƚĂƚĞĞŶƚŚĂůƉǇ







dŚĞǆƚĞŶĚĞĚhE/YhŵŽĚĞůƉĂƌĂŵĞƚĞƌƐŽĨƚŚĞĂƋƵĞŽƵƐƉŚĂƐĞ +  ĂŶĚ 2+ ǁĞƌĞƚĂŬĞŶĨƌŽŵdŚŽŵƐĞŶ
ĞƚĂů͘ϳĂŶĚ  &2 DT ͕ &2 ͕ĂŶĚ +&2 ĨƌŽŵdŚŽŵƐĞŶĂŶĚZĂƐŵƵƐƐĞŶ͘ϭdŚĞ U ĂŶĚ T ƉĂƌĂŵĞƚĞƌƐ͕ĂŶĚƚŚĞ
ďŝŶĂƌǇƉĂƌĂŵĞƚĞƌƐ LMX ĂŶĚ 7LMX  ĨŽƌĐĂůĐƵůĂƚŝŶŐƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶĞŶĞƌŐǇƉĂƌĂŵĞƚĞƌƐ   7LM LM LMX X X 7   
ĨŽƌƚŚĞƐŝǆƐƉĞĐŝĞƐ  '(($ DT ͕ '(($+  ͕  0$3$ DT ͕ 0$3$+  ͕ +0$3$+  ͕ĂŶĚ 0$3$&22 ǁĞƌĞ
ĚĞƚĞƌŵŝŶĞĚŝŶƚŚŝƐǁŽƌŬďǇĨŝƚƚŝŶŐƚŽƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘
dŚĞĞƐƚŝŵĂƚĞĚ U ĂŶĚ T ƉĂƌĂŵĞƚĞƌƐĂƌĞŐŝǀĞŶŝŶdĂďůĞϱ͘Ϯ͘dŚĞĞƐƚŝŵĂƚĞĚďŝŶĂƌǇƉĂƌĂŵĞƚĞƌƐ LMX ĂŶĚ 7LMX ĨŽƌ




dĂďůĞϱ͘Ϯ͗hE/YhǀŽůƵŵĞ; U ͿĂŶĚƐƵƌĨĂĐĞĂƌĞĂ; T ͿƉĂƌĂŵĞƚĞƌƐĨŝƚƚĞĚƚŽƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘ŽůĚǀĂůƵĞƐĂƌĞĚĞƚĞƌŵŝŶĞĚ
ŝŶƚŚŝƐǁŽƌŬ͘
 U  T 
+ 2  Ϭ͘ϵϮĂ ϭ͘ϰĂ
 &2 DT  ϱ͘ϳϰϭĐ ϲ͘ϬϴϬϲĐ
 0$3$ DT  ϭϭ͘ϵϲ ϴ͘ϴϰϱ
 '(($ DT  ϯ͘ϮϮϱ ϯ͘ϲϰϭ
+  Ϭ͘ϭϯϳϳϵď ϭϬͲϭϱď
0$3$+  ϰ͘ϰϵϵ ϵ͘ϲϲϰ
+0$3$+  ϭ͘ϯϵϭ ϭ͘ϳϰϵ
'(($+  ϰ͘ϱϴϯ Ϯ͘ϵϭϴ
2+  ϵ͘ϯϵϳϯď ϴ͘ϴϭϳϭď

&2  ϭϬ͘ϴϮϴĐ ϭϬ͘ϳϲϵĐ

+&2  ϴ͘ϬϳϱϲĐ ϴ͘ϲϴϬϲĐ































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ǁĞƌĞƚĂŬĞŶĨƌŽŵƚŚĞE/^dƚĂďůĞƐϮϮĨŽƌŵŽƐƚŽĨƚŚĞĐŽŵƉŽŶĞŶƚƐ͘&Žƌ  '(($ J ĂŶĚ  0$3$ J ͕ƚŚĞƐĞǀĂůƵĞƐ





I*' ͬ;Ŭ:͘ŵŽůͲϭͿ I+' ͬ;Ŭ:͘ŵŽůͲϭͿ
 + 2 O  ͲϮϯϳ͘ϭϮϵĂ ͲϮϴϱ͘ϴϯĂ
 + 2 J  ͲϮϮϴ͘ϱϳϮĂ ͲϮϰϭ͘ϴϭϴĂ
 + 2 V  ͲϮϯϲ͘ϱϯϳϲĂ ͲϮϵϮ͘ϲϮϰϰĂ
 &2 DT  Ͳϯϴϱ͘ϵϴĂ Ͳϰϭϯ͘ϴĂ
 &2 J  Ͳϯϵϰ͘ϯϱϵĂ Ͳϯϵϯ͘ϱϬϵĂ
+  ϬĂ ϬĂ
2+  Ͳϭϱϳ͘ϮϰϴϭĂ ͲϮϯϬ͘ϮϰϯϯĂ

&2  ͲϱϮϳ͘ϴϭĂ Ͳϲϳϳ͘ϭϰĂ

+&2  Ͳϱϴϲ͘ϳϳĂ Ͳϲϵϭ͘ϵϵĂ
 '(($ J  ͲϮϵ͘ϯϲď ͲϮϱϳ͘ϰϵď 0$3$ J  ϭϰϮ͘ϳϯď Ͳϯϳď '(($ O  Ͳϰϰ͘ϵϬϯ Ͳϯϭϱ͘ϭϭ
 0$3$ O  ϭϮϵ͘ϵ Ͳϴϴ͘ϮϮϳ
 '(($ DT  Ͳϱϱ͘ϵϵϵ Ͳϯϯϯ͘ϱϲϬ
 0$3$ DT  ϭϭϮ͘ϲϱϵ Ͳϭϰϭ͘ϬϲϮ
'(($+  Ͳϭϭϭ͘Ϯϲϲϯ ͲϯϳϬ͘ϵϮ
0$3$+  ϱϮ͘Ϯϵϵ Ͳϭϳϲ͘ϯϵϮ
+0$3$+  ϯ͘ϭϯϵ ͲϮϮϬ͘ϭϰϮ





dŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ 'ŝďďƐ ĞŶĞƌŐǇ ŽĨ ĨŽƌŵĂƚŝŽŶ ĨŽƌ  '(($ O  ĂŶĚ  0$3$ O  ǁĞƌĞ ĐĂůĐƵůĂƚĞĚ ĨƌŽŵ ƚŚĞŝƌ
ĐŽƌƌĞƐƉŽŶĚŝŶŐ ǀĂůƵĞƐ ŝŶ ƚŚĞ ƉƵƌĞ ŐĂƐ ƉŚĂƐĞ ;  '(($ J  ĂŶĚ  0$3$ J Ϳ ďǇ ƵƐŝŶŐ ƋƵĂƚŝŽŶ ϰϯ͘ &Žƌ
 '(($ DT  ĂŶĚ  0$3$ DT ͕ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ 'ŝďďƐ ĞŶĞƌŐǇ ŽĨ ĨŽƌŵĂƚŝŽŶ ǁĞƌĞ ĞƐƚŝŵĂƚĞĚ ĨƌŽŵ ƚŚĞŝƌ
ĐŽƌƌĞƐƉŽŶĚŝŶŐ ǀĂůƵĞƐ ŝŶ ƚŚĞ ƉƵƌĞ ůŝƋƵŝĚ ƉŚĂƐĞ ;  '(($ O  ĂŶĚ  0$3$ O Ϳ ƉůƵƐ Ă ĐŽŶƚƌŝďƵƚŝŽŶ ŽĨ ĂĐƚŝǀŝƚǇ
ĐŽĞĨĨŝĐŝĞŶƚĂƚŝŶĨŝŶŝƚĞĚŝůƵƚŝŽŶ͘>ŝƚƚůĞĞƚĂů͘ϮϱĂŶĚ,ĂŵďŽƌŐĂŶĚsĞƌƐƚĞĞŐϮϲƌĞƉŽƌƚĞĚƚŚĞĚŝƐƐŽĐŝĂƚŝŽŶĐŽŶƐƚĂŶƚ
; OQ D. ͿŽĨƉƌŽƚŽŶĂƚĞĚĂƐĂĨƵŶĐƚŝŽŶŽĨƚĞŵƉĞƌĂƚƵƌĞ͘dŚĞƐĞĚŝƐƐŽĐŝĂƚŝŽŶĐŽŶƐƚĂŶƚĚĂƚĂǁĞƌĞĐŽƌƌĞůĂƚĞĚ
ƚŽ ĞƐƚŝŵĂƚĞ ƚŚĞ 'ŝďďƐ ĞŶĞƌŐǇ ŽĨ ƚŚĞ ĚŝƐƐŽĐŝĂƚŝŽŶ ƌĞĂĐƚŝŽŶ ŽĨ ƉƌŽƚŽŶĂƚĞĚ  ;ƋƵĂƚŝŽŶ Ϯϴ ŝŶ ƌĞǀĞƌƐĞ









U I I'(($ DT '(($+* * * '  '  ' ͘ƌŽŶƵĞƚĂů͘ϰϲƌĞƉŽƌƚĞĚƚŚĞĨŝƌƐƚĂŶĚƐĞĐŽŶĚĚŝƐƐŽĐŝĂƚŝŽŶĐŽŶƐƚĂŶƚƐĨŽƌƚŚĞ
ŵŽŶŽ ĂŶĚ Ěŝ ƉƌŽƚŽŶĂƚĞĚDW Ăƚ ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘ dŚĞƐĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂǁĞƌĞ ĐŽƌƌĞůĂƚĞĚ ƚŽ
ĐĂůĐƵůĂƚĞ ƚŚĞ'ŝďďƐ ĞŶĞƌŐǇ ŽĨ ƌĞĂĐƚŝŽŶ ĨŽƌ ƚŚĞ ĚŝƐƐŽĐŝĂƚŝŽŶ ŽĨ ƉƌŽƚŽŶĂƚĞĚDW ;ƋƵĂƚŝŽŶ Ϯϵ ŝŶ ƌĞǀĞƌƐĞ
ŽƌĚĞƌͿĂŶĚĚŝƐƐŽĐŝĂƚŝŽŶŽĨĚŝƉƌŽƚŽŶĂƚĞĚDW;ƋƵĂƚŝŽŶϯϬŝŶƌĞǀĞƌƐĞŽƌĚĞƌͿ͘^ŝŵŝůĂƌůǇ͕ƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞ
'ŝďďƐ ĞŶĞƌŐǇ ŽĨ ĨŽƌŵĂƚŝŽŶ ŽĨ 0$3$+   ĂŶĚ +0$3$+   ǁĞƌĞ ĞƐƚŝŵĂƚĞĚ ƌĞƐƉĞĐƚŝǀĞůǇ ĨƌŽŵ
 
  
U I I0$3$ DT 0$3$+* * * '  '  '  ĂŶĚ   U I I0$3$+ +0$3$+* * *  '  '  ' ͘ EŽ ŝŶĨŽƌŵĂƚŝŽŶǁĂƐ ĨŽƵŶĚ ŝŶ ƚŚĞ
ůŝƚĞƌĂƚƵƌĞĂďŽƵƚƚŚĞƚŚĞƌŵŽĚǇŶĂŵŝĐƉƌŽƉĞƌƚŝĞƐŽƌĞƋƵŝůŝďƌŝƵŵĐŽŶƐƚĂŶƚŽĨƚŚĞDWĐĂƌďĂŵĂƚĞƌĞĂĐƚŝŽŶ͘
ŐƵĞƐƐ ǀĂůƵĞƐ ĨŽƌ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ 'ŝďďƐ ĞŶĞƌŐǇ ĂŶĚ ĞŶƚŚĂůƉǇ ŽĨ ĨŽƌŵĂƚŝŽŶ ǁĞƌĞ ƵƐĞĚ ĨŽƌ ƚŚĞ DW
ĐĂƌďĂŵĂƚĞ ; 0$3$&22 Ϳ ǁŚŝĐŚ ƚŚĞŶ ĂůƚĞƌĞĚ ĚƵƌŝŶŐ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ ĂŶĚ ĨŝƚƚĞĚ ƚŽ Ăůů ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŝŶƚŚŝƐǁŽƌŬ͘
dŚĞ D ͕ E ͕ĂŶĚ F ƉĂƌĂŵĞƚĞƌƐĨŽƌƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞƚŚƌĞĞͲƉĂƌĂŵĞƚĞƌƐŚĞĂƚĐĂƉĂĐŝƚǇĐŽƌƌĞůĂƚŝŽŶ;dŚŽŵƐĞŶ
ĞƚĂů͘ϳͿƉƌĞƐĞŶƚĞĚŝŶƋƵĂƚŝŽŶϲϮĂƌĞŐŝǀĞŶŝŶdĂďůĞϱ͘ϲ͘
dĂďůĞ ϱ͘ϲ͗ WĂƌĂŵĞƚĞƌƐ ĨŽƌ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ŚĞĂƚ ĐĂƉĂĐŝƚǇ ;ƋƵĂƚŝŽŶ ϲϮͿ͕ ĨŝƚƚĞĚ ƚŽ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ŝŶ ƚŚŝƐǁŽƌŬ͘ ŽůĚ
ǀĂůƵĞƐĂƌĞĚĞƚĞƌŵŝŶĞĚŝŶƚŚŝƐǁŽƌŬ͘
D ͬ;:͘ŵŽůͲϭ͘<ͲϭͿ E ͬ;:͘ŵŽůͲϭ͘<ͲϮͿ F ͬ;:͘ŵŽůͲϭͿ
 + 2 O  ϱϴ͘ϯϲϵϱĂ Ϭ͘ϬϯϴϵϲĂ ϱϮϯ͘ϴϴĂ
 + 2 J  ϯϯ͘ϱϳϳď Ϭ Ϭ
 + 2 V  ϰϳ͘ϴϵϵϲĐ Ϭ Ϭ
 &2 DT  ϮϰϯĚ ϬĚ ϬĚ
 &2 J  ϯϳ͘ϭϭď Ϭ Ϭ
+  ϬĂ ϬĂ ϬĂ
2+  ϭϰϭϴ͘ϮĂ Ͳϯ͘ϰϰϲ Ă Ͳϱϭϰϳϯ͘ϭϯĂ

&2  ϴϵϰ͘ϲϴϴĚ ͲϮ͘ϴϮϳϮĚ ͲϮϭϭϰϵ͘ϰϰĚ

+&2  ͲϬ͘ϲϳϳϭĚ Ϭ͘ϮϳϯϳϱĚ ͲϭϬϬϴϵ͘ϱϭĚ
 '(($ J  ϭϳϯĞ Ϭ Ϭ 0$3$ J  ϭϯϲĞ Ϭ Ϭ '(($ O  ϭϬϰ͘ϵϱϮĨ Ϭ͘ϱϵϯϲĨ Ϭ
 0$3$ O  ϭϰϳ͘ϭϭϭĞ Ϭ͘ϮϱϰϲĞ Ϭ
 '(($ DT  ϮϭϬ͘ϵϴϵϵ Ϭ͘ϯϱϲϳϱ Ϭ
 0$3$ DT  ϰϴϱ͘ϰϱϵϯ ͲϬ͘ϰϵϳϴϳ Ϭ
'(($+  ͲϯϮ͘ϭϮϳϴ Ϭ Ϭ
0$3$+  ϭϳϴ͘ϱϱϵϯ Ϭ Ϭ
+0$3$+  Ͳϭϭϰ͘ϵϰϬϳ Ϭ Ϭ
0$3$&22  ϯϱϴ͘Ϯ ͲϬ͘ϭϭϳϴ ͲϭϬϲϭϯ͘ϰ
ĂdŚŽŵƐĞŶĞƚĂů͘ϳ ďtĂŐŵĂŶĞƚĂů͘Ϯϳ  
Đ&ŽƐďƆůĞƚĂů͘Ϯϴ ĚdŚŽŵƐĞŶĂŶĚZĂƐŵƵƐƐĞŶϭ  









dŚĞ ƚŚƌĞĞ ƉĂƌĂŵĞƚĞƌƐ ŽĨ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ŚĞĂƚ ĐĂƉĂĐŝƚǇ ĨŽƌ ƚŚĞ ƐƉĞĐŝĞƐ  '(($ J ͕  0$3$ J ͕ ĂŶĚ
 0$3$ O ǁĞƌĞĞƐƚŝŵĂƚĞĚ ĨƌŽŵ :ŽďĂĐŬĂŶĚZĞŝĚŵĞƚŚŽĚďǇƵƐŝŶŐ /^ ƐŽĨƚǁĂƌĞ ;W ƐŽĨƚǁĂƌĞϮϰ ĂŶĚ
:ŽďĂĐŬ ĂŶĚZĞŝĚϮϵͿ͘DĂŚĂŵĞƚ Ăů͘ϯϬ ĂŶĚZĂǇĞƌ Ğƚ Ăů͘ϯϭ ƌĞƉŽƌƚĞĚ ƚŚĞŵŽůĂƌ ŚĞĂƚ ĐĂƉĂĐŝƚǇ ĚĂƚĂŽĨ Ăƚ
ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘ dŚĞƐĞ ĚĂƚĂ ǁĞƌĞ ĐŽƌƌĞůĂƚĞĚ ƚŽ ĞƐƚŝŵĂƚĞ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ŚĞĂƚ ĐĂƉĂĐŝƚǇ
ƉĂƌĂŵĞƚĞƌƐ ĨŽƌ  '(($ O ͘dŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞŚĞĂƚĐĂƉĂĐŝƚǇƉĂƌĂŵĞƚĞƌƐ ĨŽƌ 0$3$&22 ǁĞƌĞĞƐƚŝŵĂƚĞĚ
ďĂƐĞĚŽŶƚŚĞĂƐƐƵŵƉƚŝŽŶƚŚĂƚƚŚĞĐŚĂŶŐĞŝŶŚĞĂƚĐĂƉĂĐŝƚǇŽĨƚŚĞDWĐĂƌďĂŵĂƚĞƌĞĂĐƚŝŽŶ;ƋƵĂƚŝŽŶϯϭͿŝƐ
ĐŽŶƐƚĂŶƚ ;ĂŶĚ ĞƋƵĂů ƚŽ ǌĞƌŽ ŝ͘Ğ͘ 3&'  Ϳ͘ dŚŝƐ ŝƐ ďĂƐĞĚ ŽŶ ƚŚĞ ͞WƌŝŶĐŝƉůĞ ŽĨ ĂůĂŶĐĞ ŽĨ /ĚĞŶƚŝĐĂů >ŝŬĞ
ŚĂƌŐĞƐ͟ĂƐƐƵŐŐĞƐƚĞĚďǇDƵƌƌĂǇĂŶĚŽďďůĞ͘ϯϮĐĐŽƌĚŝŶŐƚŽƚŚŝƐƉƌŝŶĐŝƉůĞ͕ƚŚĞ 3&'  ŝƐĂůŵŽƐƚĐŽŶƐƚĂŶƚŝĨ
ƚŚĞƌĞŝƐĂďĂůĂŶĐĞŽĨŝŽŶŝĐĐŚĂƌŐĞŽĨƐŝŵŝůĂƌƐƉĞĐŝĞƐŽŶďŽƚŚƐŝĚĞƐŽĨƚŚĞĞƋƵŝůŝďƌŝƵŵƌĞĂĐƚŝŽŶ͘dŚŝƐƉƌŝŶĐŝƉůĞ
ǁĂƐĂƉƉůŝĞĚƚŽ ƚŚĞĞƋƵŝůŝďƌŝƵŵƌĞĂĐƚŝŽŶ ŝŶƋƵĂƚŝŽŶϯϭƚŽĞƐƚŝŵĂƚĞƚŚĞƉĂƌĂŵĞƚĞƌƐŽĨ ƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞ
ŚĞĂƚ ĐĂƉĂĐŝƚǇ ĨŽƌ ƚŚĞDW ĐĂƌďĂŵĂƚĞ͘ dŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ ŚĞĂƚ ĐĂƉĂĐŝƚǇ ƉĂƌĂŵĞƚĞƌƐ ŽĨ ƚŚĞ ƌĞŵĂŝŶŝŶŐ









ƋƵĂƚĞƌŶĂƌǇ ĚĂƚĂ͘ dŚĞ ĚĂƚĂ ǁĞƌĞ ƐǇƐƚĞŵĂƚŝĐĂůůǇ ĂĚĚĞĚ ĂŶĚ ƚŚĞ ƌĞůĞǀĂŶƚ ƉĂƌĂŵĞƚĞƌƐ ǁĞƌĞ ĞƐƚŝŵĂƚĞĚ͘
,ŽǁĞǀĞƌ͕ƚŚĞƌĞƐƵůƚƐĂƌĞƉƌĞƐĞŶƚĞĚŚĞƌĞĂĐĐŽƌĚŝŶŐƚŽƚŚĞĚĂƚĂƚǇƉĞĨŽƌĞĂĐŚƐǇƐƚĞŵƐĞƉĂƌĂƚĞůǇ͘
ϱ͘ϭϬ͘ϭ,ϮKͲͲKϮ^ǇƐƚĞŵ
dŚĞ ƌĞƐƵůƚƐŽĨƉƵƌĞǀĂƉŽƌƉƌĞƐƐƵƌĞĂƚĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ ĂƌĞ ŐŝǀĞŶ ŝŶ &ŝŐƵƌĞϱ͘ϭ͘ ǆƉĞƌŝŵĞŶƚĂů
ĚĂƚĂŽĨǀĂƉŽƌƉƌĞƐƐƵƌĞŽĨƉƵƌĞ ƌĞƉŽƌƚĞĚďǇ ƐĞǀĞƌĂůĂƵƚŚŽƌƐ ŝŶ ƚŚĞ ůŝƚĞƌĂƚƵƌĞϱ͕ϯϯͲϯϱĂƌĞƉůŽƚƚĞĚĂůŽŶŐ

















ĂƌĞ ǀĞƌǇ ŝŵƉŽƌƚĂŶƚ ƚŽ ĐŽŵƉƵƚĞ ƚŚĞ ǁĂƚĞƌ ĂĐƚŝǀŝƚǇ͕ Ă ŬĞǇ ƉĂƌĂŵĞƚĞƌ ƚŽ ĞƐƚŝŵĂƚĞ ƚŚĞ ĂŵŽƵŶƚ ŽĨ ǁĂƚĞƌ
ĞǀĂƉŽƌĂƚŝŽŶ ŝŶ ƐƚƌŝƉƉŝŶŐ ƐĞĐƚŝŽŶ ĚƵƌŝŶŐ ƚŚĞ ƐŽůǀĞŶƚ ƌĞŐĞŶĞƌĂƚŝŽŶ ŝŶ ƚŚĞ ĐĂƉƚƵƌĞ ƉƌŽĐĞƐƐ͘ &ƌĞĞǌŝŶŐ ƉŽŝŶƚ
ĚĞƉƌĞƐƐŝŽŶĚĂƚĂĂƚĚŝĨĨĞƌĞŶƚŵŽůĂůĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨĂƋƵĞŽƵƐƐŽůƵƚŝŽŶƐ;,ϮKͲͿĂƌĞƉůŽƚƚĞĚǁŝƚŚ
ƚŚĞĐĂůĐƵůĂƚĞĚĐƵƌǀĞĂƐƐŚŽǁŶ ŝŶ&ŝŐƵƌĞϱ͘Ϯ͘&Žƌ,ϮKͲͲKϮƐǇƐƚĞŵ;KϮ ůŽĂĚĞĚƐǇƐƚĞŵͿ͕ ƚŚĞ ĨƌĞĞǌŝŶŐ
ƉŽŝŶƚƐĂƌĞƉƌĞƐĞŶƚĞĚŝŶ&ŝŐƵƌĞϱ͘ϯĨŽƌĨŽƵƌĚŝĨĨĞƌĞŶƚƐŽůƵƚŝŽŶƐ;ϭϮ͕ϮϬ͕ϯϬ͕ĂŶĚϯϯŵĂƐƐйͿĂƚĂǀĂƌǇŝŶŐ
KϮ ĐŽŶĐĞŶƚƌĂƚŝŽŶ ŝŶ ƚŚĞ ƐŽůƵƚŝŽŶƐ͘ dŚĞ ŵŽĚĞů ĚĞƐĐƌŝďĞƐ ƚŚĞ ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĂƚĂ ǀĞƌǇ ǁĞůů ďŽƚŚ ŝŶ ƚŚĞ
ƵŶůŽĂĚĞĚ;&ŝŐƵƌĞϱ͘ϮͿĂŶĚƚŚĞKϮůŽĂĚĞĚ;&ŝŐƵƌĞϱ͘ϯͿƐŽůƵƚŝŽŶƐ͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞĂƌĞƐŽŵĞĚĞǀŝĂƚŝŽŶƐ
ŝŶƚŚĞKϮůŽĂĚĞĚƐŽůƵƚŝŽŶƐĂƚŚŝŐŚĐŽŶĐĞŶƚƌĂƚŝŽŶƐŽĨϯϬĂŶĚϯϯŵĂƐƐй͘dŚĞƐĞƚǁŽĐƵƌǀĞƐƐŚŽǁĞĚĂ
ĚĞĐƌĞĂƐĞ ŝŶ ƚŚĞ ĨƌĞĞǌŝŶŐƉŽŝŶƚƐďǇ ŝŶĐƌĞĂƐŝŶŐ ƚŚĞKϮ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐƵƉ ƚŽ Ă ĐĞƌƚĂŝŶƉŽŝŶƚ ĂŶĚ ƚŚĞŶ ƚŚĞ
ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ďĞĐĂŵĞ ĂůŵŽƐƚ ĐŽŶƐƚĂŶƚ͘ dŚĞ ŵŽĚĞů ĐĂůĐƵůĂƚĞĚ ƚŚĞ ƚƌĞŶĚ ůŝŶĞƐ ǀĞƌǇ ŶŝĐĞůǇ ǁŝƚŚ ƐůŝŐŚƚůǇ
ŚŝŐŚĞƌĐĂůĐƵůĂƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƐƚŚƌŽƵŐŚŽƵƚƚŚĞĐƵƌǀĞƐĂŶĚƚŚĞƐůŝŐŚƚůǇůŽǁĞƌĐĂůĐƵůĂƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƐŝŶ









































sĂƉŽƌͲůŝƋƵŝĚĞƋƵŝůŝďƌŝƵŵĚĂƚĂ ;ďŽƚŚƵŶůŽĂĚĞĚĂŶĚKϮ ůŽĂĚĞĚĂƋƵĞŽƵƐĂŵŝŶĞƐŽůƵƚŝŽŶƐͿĂƌĞĞƐƐĞŶƚŝĂů ĨŽƌ
ƚŚĞĚĞƐŝŐŶĂŶĚŵŽĚĞůŝŶŐŽĨƚŚĞƵŶŝƚŽƉĞƌĂƚŝŽŶƐŝŶƚŚĞĐĂƉƚƵƌĞƉƌŽĐĞƐƐ͘dŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂĂƌĞĂǀĂŝůĂďůĞ
ĨƌŽŵ,ĂƌƚŽŶŽĞƚ Ăů͘ϱ ĨŽƌ ƚŚĞ,ϮKͲ ƐǇƐƚĞŵĂƚĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘ dŚĞŵŽĚĞů ƌĞƐƵůƚƐĂƌĞ ŐŝǀĞŶ ŝŶ
&ŝŐƵƌĞϱ͘ϰƚŽŐĞƚŚĞƌǁŝƚŚƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘dŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂĂƌĞƉƌĞƐĞŶƚĞĚĂƐĂĨƵŶĐƚŝŽŶŽĨ

























































sĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ ĚĂƚĂ ĨŽƌ ƚŚĞ KϮ ůŽĂĚĞĚ ĂƋƵĞŽƵƐ  ƐŽůƵƚŝŽŶƐ ;ďŽƚŚ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ĂŶĚ KϮ
ƉĂƌƚŝĂůƉƌĞƐƐƵƌĞͿǁĞƌĞƌĞƉŽƌƚĞĚďǇDŽŶƚĞŝƌŽĞƚĂů͘ϲĂŶĚƌƐŚĂĚĞƚĂů͘ϯϳdŚĞĞǆƉĞƌŝŵĞŶƚĂůƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂ
ĨƌŽŵďŽƚŚƚŚĞůŝƚĞƌĂƚƵƌĞƐŽƵƌĐĞƐĂůŽŶŐǁŝƚŚƚŚĞĐĂůĐƵůĂƚĞĚĐƵƌǀĞƐĨŽƌƚŚĞϱDƐŽůƵƚŝŽŶƐĂƌĞĞǆŚŝďŝƚĞĚ






















































































































































;ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ϭϴ͘ϲ й ǁŝƚŚ Ăůů ĚĂƚĂ ŝŶĐůƵĚĞĚͿ͘ ,ŽǁĞǀĞƌ͕ ƚŚĞ ĚĞǀŝĂƚŝŽŶƐ ƌĞƉŽƌƚĞĚ ŝŶ ŽƵƌ ǁŽƌŬ ĂƌĞ
ŽďƚĂŝŶĞĚďǇ ŝŶĐůƵĚŝŶŐĂůů ƚŚĞĚĂƚĂ ŝŶ ƚŚĞƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶ͘ /ƚĐĂŶďĞƐĞĞŶƚŚĂƚ ƚŚĞĚĞǀŝĂƚŝŽŶƐ ŝŶ ƚŚŝƐ




DŽůĂƌ ĞǆĐĞƐƐ ĞŶƚŚĂůƉǇ ĂŶĚ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ƚŚĞ ĂƋƵĞŽƵƐ  ƐŽůƵƚŝŽŶƐǁĞƌĞ ƚŚĞ ƚŚĞƌŵĂů
































































































































































































































































ůŝƚĞƌĂƚƵƌĞϱ͕ϰϭ͕ϰϮ ĂŶĚ ŝŶĐůƵĚĞĚ ŝŶ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ͘ dŚĞ ŵŽĚĞů ƌĞƐƵůƚƐ ĂƌĞ ƉůŽƚƚĞĚ ǁŝƚŚ ƚŚĞ









ĂŶĚ &ŝŐƵƌĞ ϱ͘ϭϰ͕ ƌĞƐƉĞĐƚŝǀĞůǇ͘ dŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĨƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĂƚĂ ǁĞƌĞ ĂǀĂŝůĂďůĞ ĨŽƌ ƚŚĞ ƉĂƌĂŵĞƚĞƌ
ĞƐƚŝŵĂƚŝŽŶĨƌŽŵƌƐŚĂĚĞƚĂů͘ϯϲ&ŝŐƵƌĞϱ͘ϭϯĞǆŚŝďŝƚƐƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĂŶĚĐĂůĐƵůĂƚĞĚĨƌĞĞǌŝŶŐƉŽŝŶƚƐĨŽƌƚŚĞ
ĂƋƵĞŽƵƐDWƐŽůƵƚŝŽŶƐǁŝƚŚĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘ǀĞƌǇŐŽŽĚĂŐƌĞĞŵĞŶƚĐĂŶďĞŽďƐĞƌǀĞĚďĞƚǁĞĞŶ
ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ĂŶĚ ƚŚĞ ŵŽĚĞů ƌĞƐƵůƚƐ ǁŝƚŚ Z ŽĨ ϯ͘ϰ й͘ &Žƌ ƚŚĞ KϮ ůŽĂĚĞĚ ĂƋƵĞŽƵƐDW
ƐŽůƵƚŝŽŶƐ ;,ϮKͲDWͲKϮͿ͕ &ŝŐƵƌĞ ϱ͘ϭϰ ƉƌĞƐĞŶƚƐ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ĨƌĞĞǌŝŶŐ ƉŽŝŶƚƐ ŝŶ
ĚŝĨĨĞƌĞŶƚ ĂƋƵĞŽƵƐ DW ƐŽůƵƚŝŽŶƐ ;ϭϬ͕ ϮϬ͕ ĂŶĚ Ϯϳ ŵĂƐƐ йͿ Ăƚ ǀĂƌǇŝŶŐ KϮ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘ dŚĞ ŵŽĚĞů
ĚĞƐĐƌŝďĞƐ ƚŚĞ ǁĂǀĞ ůŝŬĞ ĐƵƌǀĞƐ ǀĞƌǇǁĞůů ĨŽƌ Ăůů ƚŚĞ ƚŚƌĞĞ KϮ ůŽĂĚĞĚDW ƐǇƐƚĞŵƐ ŝŶ ƚŚĞ ǁŚŽůĞ KϮ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƌĂŶŐĞǁŝƚŚĂŶZŽĨũƵƐƚϯ͘ϭй͘
dŚĞ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ĚĂƚĂ ĨŽƌ ƚŚĞ ,ϮKͲDW ƐǇƐƚĞŵ Ăƚ ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ ǁĞƌĞ ŝŶĐůƵĚĞĚ ŝŶ ƚŚĞ
ƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶ͘ dŚĞŵŽĚĞů ƌĞƐƵůƚƐ ĂƌĞƉƌĞƐĞŶƚĞĚ ŝŶ &ŝŐƵƌĞϱ͘ϭϱĂůŽŶŐǁŝƚŚ ƚŚĞĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ
ĂǀĂŝůĂďůĞ ĨƌŽŵ <ŝŵĞƚ Ăů͘ϰϭ ĂŶĚDŽŶƚĞŝƌŽ Ğƚ Ăů͘ϰϯ dŚĞ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ĚĂƚĂ ĂƌĞ ƉƌĞƐĞŶƚĞĚ ĂƐ Ă ĨƵŶĐƚŝŽŶ ŽĨ
DWĐŽŶĐĞŶƚƌĂƚŝŽŶŝŶƚŚĞůŝƋƵŝĚƉŚĂƐĞĂƚĚŝĨĨĞƌĞŶƚƚĞŵƉĞƌĂƚƵƌĞƐ͘/ƚĐĂŶďĞƐĞĞŶƚŚĂƚƚŚĞŵŽĚĞůƌĞƉƌĞƐĞŶƚƐ
































ŽďƐĞƌǀĞĚ ŝŶ ƚŚĞ ŝƐŽƚŚĞƌŵ Ăƚ ϯϳϯ͘ϭϱ < Ăƚ ŚŝŐŚ DW ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘ /ƚ ĐĂŶ ĂůƐŽ ďĞ ŶŽƚĞĚ ƚŚĂƚ ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂů ƚŽƚĂů ƉƌĞƐƐƵƌĞƐ ĨŽƌ ƚŚĞ ϯϳϯ͘ϭϱ < ŝƐŽƚŚĞƌŵ ĂƌĞ ŽŶůǇ ĂǀĂŝůĂďůĞ ĨƌŽŵ <ŝŵ Ğƚ Ăů͘ϰϭ ĂŶĚ ƚŚĞŝƌ
ĂĐĐƵƌĂĐǇĐĂŶŶŽƚďĞĐƌŽƐƐĐŚĞĐŬĞĚǁŝƚŚŽƚŚĞƌƐŽƵƌĐĞƐĚƵĞƚŽ ůĂĐŬŽĨĚĂƚĂ ĨŽƌ ƚŚĞ,ϮKͲDWƐǇƐƚĞŵ͘dŚĞ






















































































































ƌĂŶŐŝŶŐ ďĞƚǁĞĞŶ ϯϭϯ͘ϭϱ < ĂŶĚ ϯϵϯ͘ϭϱ < ;ϰϬͲϭϮϬ ŽͿ͘ dŚĞŵŽĚĞů ƌĞƐƵůƚƐ ĂƌĞ ƋƵŝƚĞ ĨĂŝƌ ŝŶ ƚŚĞǁŚŽůĞ KϮ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƌĂŶŐĞĨŽƌƚŚĞϯϭϯ͘ϭϱ<ĂŶĚϯϱϯ͘ϭϱ<ŝƐŽƚŚĞƌŵƐĚĂƚĂĨƌŽŵƌƐŚĂĚĞƚĂů͘ϯϳ,ŽǁĞǀĞƌ͕ƚŚĞŵŽĚĞů
ĐĂůĐƵůĂƚĞĚƌĞƐƵůƚƐŽĨKϮƉĂƌƚŝĂůƉƌĞƐƐƵƌĞƐĂƌĞƚŽŽŚŝŐŚĐŽŵƉĂƌĞĚǁŝƚŚƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĨŽƌƚŚĞϯϵϯ͘ϭϱ













ĨĞǁ ŚŝŐŚ ĐĂůĐƵůĂƚĞĚ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ĚĂƚĂ ƉŽŝŶƚƐ ĨŽƌ ƚŚĞ ϯϭϯ͘ϭϱ < ĂŶĚ ϯϵϯ͘ϭϱ < ŝƐŽƚŚĞƌŵƐ ĂŶĚ Ă ĨĞǁ ůŽǁ
ĐĂůĐƵůĂƚĞĚƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂƉŽŝŶƚƐĨŽƌƚŚĞϯϱϯ͘ϭϱ<ŝƐŽƚŚĞƌŵĂƚŚŝŐŚKϮĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘^ŝŵŝůĂƌůǇ͕&ŝŐƵƌĞ




































dŚĞĞǆƉĞƌŝŵĞŶƚĂů ƚŽƚĂůƉƌĞƐƐƵƌĞ ŝŶϱDDWƐŽůƵƚŝŽŶƐ ĨƌŽŵWŝŶƚŽĞƚĂů͘ϰϰĂƌĞƉůŽƚƚĞĚǁŝƚŚƚŚĞŵŽĚĞůŝŶŐ
ƌĞƐƵůƚƐ ŝŶ &ŝŐƵƌĞ ϱ͘ϮϬ͘ dŚĞŵŽĚĞůŝŶŐ ƌĞƐƵůƚƐ ůŽŽŬ ƌĞĂƐŽŶĂďůĞ ĨŽƌ ƚŚĞ ĚĂƚĂ Ăƚ ϯϱϯ͘ϭϱ < ĂŶĚϯϵϯ͘ϭϱ <ǁŝƚŚ


















































WŝŶƚŽ Ğƚ Ăů͘ϰϰ ƌĞƉŽƌƚĞĚ ƚŚĞ ƐŽůƵďŝůŝƚǇ ŽĨ KϮ ŝŶ ϱD DW ƐŽůƵƚŝŽŶƐ Ăƚ ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘ dŚĞƐĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĂƌĞƉůŽƚƚĞĚǁŝƚŚƚŚĞĐĂůĐƵůĂƚĞĚĐƵƌǀĞƐŝŶ&ŝŐƵƌĞϱ͘Ϯϭ͘^ŝŐŶŝĨŝĐĂŶƚĚĞǀŝĂƚŝŽŶƐďĞƚǁĞĞŶƚŚĞ
























































ŝŵĂŐĞƐ ĨŽƌϮDDWĂŶĚƌŝŐŚƚƐŝĚĞ ŝŵĂŐĞƐ ĨŽƌϭDDWͿ͘dŚĞŵŽĚĞůĐĂůĐƵůĂƚĞĚƚŚĞĚŝĨĨĞƌĞŶƚŝĂůŚĞĂƚŽĨ
ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ϮDDW ƐŽůƵƚŝŽŶƐ ǀĞƌǇǁĞůů Ăƚ ϰϬ Ž͘ ,ŽǁĞǀĞƌ͕ ƚŚĞŵŽĚĞů ĐĂůĐƵůĂƚĞĚ ƌĞƐƵůƚƐ ĂƌĞ
ƐůŝŐŚƚůǇ ůŽǁĞƌ Ăƚ ϴϬ Ž ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ͕ ĂŶĚ ƐŚŽǁĞĚ ůĂƌŐĞ ĚĞǀŝĂƚŝŽŶƐ Ăƚ ůŽǁ KϮ
ĐŽŶĐĞŶƚƌĂƚŝŽŶƐĨŽƌƚŚĞϭϮϬŽŝƐŽƚŚĞƌŵ͘^ŝŵŝůĂƌŬŝŶĚŽĨƌĞƐƵůƚƐĐĂŶĂůƐŽďĞƐĞĞŶĨŽƌϭDDWƐŽůƵƚŝŽŶƐǁŝƚŚ
ƐůŝŐŚƚůǇ ůĂƌŐĞ ĚĞǀŝĂƚŝŽŶƐ ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ϮDDW ƌĞƐƵůƚƐ Ăƚ ƌĞƐƉĞĐƚŝǀĞ ƚĞŵƉĞƌĂƚƵƌĞƐ͘ dŚĞ ĞƐƚŝŵĂƚĞĚ
ĚĞǀŝĂƚŝŽŶƐ ;ZͿ ďĞƚǁĞĞŶ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ĂŶĚ ƚŚĞ ŵŽĚĞůŝŶŐ ƌĞƐƵůƚƐ ĂƌĞ ϭϭ͘ϳ й ĂŶĚ ϭϱ͘ϲ й
ƌĞƐƉĞĐƚŝǀĞůǇ ĨŽƌ ƚŚĞ ϮD ĂŶĚ ϭD DW ƐŽůƵƚŝŽŶƐ ǁŝƚŚ ŵĂũŽƌ ĐŽŶƚƌŝďƵƚŝŽŶƐ ĨƌŽŵ ƚŚĞ ĚĂƚĂ Ăƚ ŚŝŐŚ
ƚĞŵƉĞƌĂƚƵƌĞƐ͘
dŚĞƌĞƉŽƌƚĞĚĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĨŽƌĚŝĨĨĞƌĞŶƚŝĂůŚĞĂƚƐŽĨĂďƐŽƌƉƚŝŽŶŽĨKϮŝŶϴŵĂƐƐйĂŶĚϯŵĂƐƐйDW
ƐŽůƵƚŝŽŶƐ ĨƌŽŵ <ŝŵ͕ ϮϬϬϵϰϬ ĂŶĚ ƚŚĞŵŽĚĞůŝŶŐ ƌĞƐƵůƚƐ ĂƌĞ ƉƌĞƐĞŶƚĞĚ ŝŶ &ŝŐƵƌĞ ϱ͘Ϯϰ͘ dŚĞŵŽĚĞů ǀĞƌǇǁĞůů
ĚĞƐĐƌŝďĞƐƚŚĞϴŵĂƐƐйDWĚĂƚĂĂƚϰϬŽĂŶĚƐůŝŐŚƚůǇ ůŽǁĞƌĐĂůĐƵůĂƚĞĚƌĞƐƵůƚƐĨŽƌƚŚĞϯŵĂƐƐйDW
ĚĂƚĂĂƚƚŚĞƐĂŵĞƚĞŵƉĞƌĂƚƵƌĞ͘,ŽǁĞǀĞƌ͕ƚŚĞƌĞŝƐĂůĂƌŐĞƐĐĂƚƚĞƌŝŶƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĂƚϴϬŽĂŶĚϭϮϬ
Ž ĨŽƌ ďŽƚŚ ƚŚĞ DW ƐǇƐƚĞŵƐ ;ϴ ŵĂƐƐ й ĂŶĚ ϯ ŵĂƐƐ йͿ ĂŶĚ ƉŽŽƌůǇ ƌĞƉƌĞƐĞŶƚĞĚ ďǇ ƚŚĞ ŵŽĚĞů͘ dŚĞ
ĞƐƚŝŵĂƚĞĚ ĚĞǀŝĂƚŝŽŶƐ ;ZͿ ĂƌĞ ϯϰ й ĂŶĚ ϯϵ͘ϲй ƌĞƐƉĞĐƚŝǀĞůǇ ĨŽƌ ƚŚĞ ϴŵĂƐƐ й ĂŶĚ ϯŵĂƐƐйDW





































































































































































































































































































ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ;Ğ͘Ő͕͘ s> ĚĂƚĂ ŽĨ ϱD DW ƐǇƐƚĞŵͿ͘ ǆĐůƵĚŝŶŐ ƚŚŽƐĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ĨƌŽŵ ƚŚĞ
ƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶǁĂƐŶŽƚĂŶŽƉƚŝŽŶďĞĐĂƵƐĞƚŚĞƐĞǁĞƌĞƚŚĞŽŶůǇĂǀĂŝůĂďůĞĚĂƚĂ ĨŽƌŵŽĚĞůŝŶŐŽĨ ƚŚĞ
ƐǇƐƚĞŵ͘KƚŚĞƌ ƌĞĂƐŽŶŵĂǇďĞ ůĂĐŬŝŶŐŽĨŽŶĞŽĨ ƚŚĞDWƐƉĞĐŝĞƐ ŝŶ ƚŚĞŵŽĚĞůŝŶŐ͘dŚŝƐ ƐƉĞĐŝĞƐŵĂǇ ƚŚĞ
ƉƌŽƚŽŶĂƚĞĚĐĂƌďĂŵĂƚĞŽĨDW; +0$3$&22  Ϳ͘ƐŵĞŶƚŝŽŶĞĚĞĂƌůŝĞƌƚŚĂƚƚŚĞĐŽŵƉůĞǆŝƚǇŽĨƚŚĞDW
ƐǇƐƚĞŵŝƐƐŝŵŝůĂƌƚŽƚŚĂƚŽĨƚŚĞĂƋƵĞŽƵƐĂƐƌĞƉŽƌƚĞĚďǇDĂ͛ŵƵŶĞƚĂů͘ϭϴdŚĞǇƌĞƉŽƌƚĞĚƚŚĞĨŽƌŵĂƚŝŽŶ
ŽĨƉƌŽƚŽŶĂƚĞĚĐĂƌďĂŵĂƚĞƐƉĞĐŝĞƐŽĨĂƚŚŝŐŚKϮůŽĂĚŝŶŐƐ͘ƵĞƚŽƵŶĂǀĂŝůĂďŝůŝƚǇŽĨƚŚĞƐƚĂŶĚĂƌĚƐƚĂƚĞ
ƚŚĞƌŵŽĚǇŶĂŵŝĐ ƉƌŽƉĞƌƚǇ ĚĂƚĂ͕ ŝƚ ǁĂƐ ĚŝĨĨŝĐƵůƚ ƚŽ ŝŶĐůƵĚĞ ƐƵĐŚ Ă ƐƉĞĐŝĞƐ ŝŶ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ͘
,ŽǁĞǀĞƌ͕ ĂƚƚĞŵƉƚƐ ǁĞƌĞ ŵĂĚĞ ŝŶ ƚŚŝƐ ǁŽƌŬ ƚŽ ŵŽĚĞů ƚŚĞ DW ƐǇƐƚĞŵ ďǇ ŝŶĐůƵĚŝŶŐ ƚŚĞ ƉƌŽƚŽŶĂƚĞĚ
ƉƌŝŵĂƌǇ ĐĂƌďĂŵĂƚĞ ŽĨ DW ǁŝƚŚ ŐƵĞƐƐ ǀĂůƵĞƐ ĨŽƌ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ 'ŝďďƐ ĞŶĞƌŐǇ ĂŶĚ ĞŶƚŚĂůƉǇ ŽĨ
ĨŽƌŵĂƚŝŽŶ͘dŚĞƐĞǀĂůƵĞƐǁĞƌĞĂůƚĞƌĞĚĚƵƌŝŶŐƚŚĞƉĂƌĂŵĞƚĞƌĞƐƚŝŵĂƚŝŽŶƚŽĨŝƚƚŽƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂ͘Ƶƚ
ƚŚĞƌĞƐƵůƚƐĚŝĚŶŽƚƐŚŽǁĂŶǇŝŵƉƌŽǀĞŵĞŶƚƐŝŶƚŚĞŵŽĚĞů͘dŚŝƐŵŝŐŚƚďĞĚƵĞƚŽŝŶĂƉƉƌŽƉƌŝĂƚĞǀĂůƵĞƐĨŽƌƚŚĞ
ƐƚĂŶĚĂƌĚƐƚĂƚĞ'ŝďďƐĞŶĞƌŐǇĂŶĚĞŶƚŚĂůƉǇŽĨ ĨŽƌŵĂƚŝŽŶ ĨŽƌ ƚŚĞƉƌŽƚŽŶĂƚĞĚƉƌŝŵĂƌǇĐĂƌďĂŵĂƚĞŽĨDW͘







dŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ ĨŽƌ ƚŚĞ ďůĞŶĚĞĚ ĂƋƵĞŽƵƐͲDW ƐǇƐƚĞŵƐǁĂƐ ƐƚĂƌƚĞĚ ďǇ ĐĂůĐƵůĂƚŝŶŐ ƚŚĞ
ĨƌĞĞǌŝŶŐƉŽŝŶƚƐ ĂŶĚs> ;ƚŽƚĂů ƉƌĞƐƐƵƌĞͿ ĨŽƌ ƚŚĞ,ϮKͲͲDW ƐŽůƵƚŝŽŶƐ͘ dŚĞ ĐĂůĐƵůĂƚĞĚ ĨƌĞĞǌŝŶŐƉŽŝŶƚ
ĚĂƚĂ ĂƌĞ ŝůůƵƐƚƌĂƚĞĚ ŝŶ &ŝŐƵƌĞϱ͘Ϯϱ ƚŽŐĞƚŚĞƌǁŝƚŚ ƚŚĞĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ĨƌŽŵƌƐŚĂĚĞƚ Ăů͘ϯϲ dŚĞ ĨƌĞĞǌŝŶŐ
ƉŽŝŶƚĚĂƚĂĂƌĞƉůŽƚƚĞĚĂƐĂĨƵŶĐƚŝŽŶŽĨƚŽƚĂůĂŵŝŶĞĐŽŶĐĞŶƚƌĂƚŝŽŶŝŶƚŚĞƐŽůƵƚŝŽŶƐĨŽƌƚŚĞϱ͗ϭ͕ϯ͗ϭ͕ϭ͗ϭ͕ϭ͗ϯ͕
ĂŶĚ ϭ͗ϱ ŵŽůĂƌ ƌĂƚŝŽƐ ŽĨ ͬDW͘  ŐŽŽĚ ĂŐƌĞĞŵĞŶƚ ďĞƚǁĞĞŶ ƚŚĞ ŵŽĚĞůŝŶŐ ƌĞƐƵůƚƐ ĂŶĚ ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĐĂŶďĞŽďƐĞƌǀĞĚǁŝƚŚĂŶĞƐƚŝŵĂƚĞĚZŽĨϱ͘Ϯй͘&ŝŐƵƌĞϱ͘ϮϲƉƌĞƐĞŶƚƐĂĐŽŵƉĂƌŝƐŽŶ
ďĞƚǁĞĞŶ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ;,ĂƌƚŽŶŽ Ğƚ Ăů͘ϱͿ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ĚĂƚĂ ĂƐ Ă ĨƵŶĐƚŝŽŶ ŽĨ ĂŵŝŶĞ
ŵŽůĂůŝƚǇ ŝŶ ƚŚĞ ůŝƋƵŝĚƉŚĂƐĞĂƚĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘dŚĞŵŽĚĞůĚĞƐĐƌŝďĞƐ ƚŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂ ĨĂŝƌůǇ
ǁĞůůǁŝƚŚĂŶĞƐƚŝŵĂƚĞĚZŽĨϭϯ͘ϲй͘
dŚĞĞǆƉĞƌŝŵĞŶƚĂůs>ĚĂƚĂ ;ďŽƚŚ ƚŽƚĂů ƉƌĞƐƐƵƌĞĂŶĚKϮƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞͿ ĨŽƌ ƚŚĞϱDнϮDDW
;ϱϮDͿĂŶĚϱDнϭDDW;ϱϭDͿƐǇƐƚĞŵƐǁĞƌĞƌĞƉŽƌƚĞĚďǇƌƐŚĂĚĞƚĂů͘ϯϳdŚĞƌĞƐƵůƚƐŽĨϱϮD
ƐǇƐƚĞŵĂƌĞƉƌĞƐĞŶƚĞĚŝŶƚŚĞ&ŝŐƵƌĞϱ͘ϮϳĨŽƌƚŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĂŶĚ&ŝŐƵƌĞϱ͘ϮϴĨŽƌƚŚĞKϮƉĂƌƚŝĂůƉƌĞƐƐƵƌĞ͘
 ĨĂŝƌůǇ ŐŽŽĚĂŐƌĞĞŵĞŶƚďĞƚǁĞĞŶ ƚŚĞ ĐĂůĐƵůĂƚĞĚĂŶĚĞǆƉĞƌŝŵĞŶƚĂů ƚŽƚĂů ƉƌĞƐƐƵƌĞƐ ĐĂŶďĞ ƐĞĞŶ ŝŶ &ŝŐƵƌĞ
ϱ͘Ϯϳ;ZŽĨϭϭ͘ϮйͿǁŝƚŚƐŽŵĞĚĞǀŝĂƚŝŽŶƐŝŶƚŚĞƌĞƐƵůƚƐĂƚϯϱϯ͘ϭϱ<ĂŶĚϯϵϯ͘ϭϱ<͘/ƚĐĂŶďĞŶŽƚŝĐĞĚƚŚĂƚ
ƚŚĞƐĞĚĞǀŝĂƚŝŽŶƐĂƚϯϱϯ͘ϭϱ<ĂŶĚϯϵϯ͘ϭϱ<ĂƌĞƐŝŵŝůĂƌƚŽƚŚĂƚŽĨϮDDWƌĞƐƵůƚƐ;&ŝŐƵƌĞϱ͘ϭϲͿǁŚŝĐŚǁĞƌĞ





















































































































^ŝŵŝůĂƌůǇ͕ ĨŽƌ ƚŚĞ ϱϭD ƐǇƐƚĞŵ͕ ƚŚĞ ƚŽƚĂů ƉƌĞƐƐƵƌĞ ƌĞƐƵůƚƐ ĂƌĞ ƐŚŽǁŶ ŝŶ &ŝŐƵƌĞ ϱ͘Ϯϵ ĂŶĚ ƚŚĞ KϮ ƉĂƌƚŝĂů
ƉƌĞƐƐƵƌĞƌĞƐƵůƚƐĂƌĞŝůůƵƐƚƌĂƚĞĚŝŶ&ŝŐƵƌĞϱ͘ϯϬĂůŽŶŐǁŝƚŚƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĂƚƚŚƌĞĞƚĞŵƉĞƌĂƚƵƌĞƐ͘dŚĞ
ŵŽĚĞůĚĞƐĐƌŝďĞƐ ƚŚĞƚŽƚĂůƉƌĞƐƐƵƌĞĚĂƚĂǀĞƌǇǁĞůů ŝŶƚŚĞǁŚŽůĞKϮĐŽŶĐĞŶƚƌĂƚŝŽŶƌĂŶŐĞ ĨŽƌĂůů ƚŚĞƚŚƌĞĞ
ŝƐŽƚŚĞƌŵƐ ;&ŝŐƵƌĞ ϱ͘ϮϵͿ ǁŝƚŚ ĂŶ ĞƐƚŝŵĂƚĞĚ Z ŽĨ ϴ͘Ϯй͘  ^ŝŵŝůĂƌ ŶŝĐĞ ƌĞƐƵůƚƐ ĐĂŶ ĂůƐŽ ďĞ ŽďƐĞƌǀĞĚ ŝŶ




&ŝŐƵƌĞϱ͘Ϯϵ͗ƋƵŝůŝďƌŝƵŵƚŽƚĂůƉƌĞƐƐƵƌĞ ŝŶϱDнϭDDWƐŽůƵƚŝŽŶƐĂƐĂ ĨƵŶĐƚŝŽŶŽĨKϮ ĐŽŵƉŽƐŝƚŝŽŶĂƚ ƚŚƌĞĞĚŝĨĨĞƌĞŶƚ
ƚĞŵƉĞƌĂƚƵƌĞƐ͘
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ϰϬ͕ ϴϬ͕ ĂŶĚ ϭϮϬ Ž͘ dŚĞ ƌĞƐƵůƚƐ ůŽŽŬ ƐĂƚŝƐĨĂĐƚŽƌǇ ĨŽƌ ďŽƚŚ ƚŚĞ ƐǇƐƚĞŵƐ Ăƚ ϰϬ ĂŶĚ ϴϬ Ž͘ ,ŽǁĞǀĞƌ͕ ůĂƌŐĞ
ĚĞǀŝĂƚŝŽŶƐĐĂŶďĞŽďƐĞƌǀĞĚĨŽƌďŽƚŚƚŚĞƐǇƐƚĞŵƐĂƚϭϮϬŽ͘dŚĞĞƐƚŝŵĂƚĞĚZďĞƚǁĞĞŶƚŚĞŵŽĚĞůƌĞƐƵůƚƐ
ĂŶĚƚŚĞĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŝƐϭϴ͘ϭйĨŽƌƚŚĞϯϳŵĂƐƐйнϯŵĂƐƐйDWƐǇƐƚĞŵĂŶĚϭϭ͘ϮйĨŽƌƚŚĞ











































































































































































































































































































ƌĞŐĞŶĞƌĂƚŝŽŶ ĂŶĚ ŽŶůǇ ƚŚĞ KϮ ƌŝĐŚ ůŽǁĞƌ ƉŚĂƐĞ ;ĂůƐŽ ƌŝĐŚ ŝŶDWͿ ŝƐ ƌĞŐĞŶĞƌĂƚĞĚ ŝŶ ƚŚĞ ƐƚƌŝƉƉĞƌ͘ /ƚ ŝƐ
ĞƐƐĞŶƚŝĂůƚŚĂƚƚŚĞŵŽĚĞůĐĂŶƉƌĞĚŝĐƚƚŚĞ>> ŝŶƚŚĞŵŝǆĞĚĂƋƵĞŽƵƐͲDWƐǇƐƚĞŵ͘KŶůǇϯϮ>>ĚĂƚĂ
ƉŽŝŶƚƐ ǁĞƌĞ ĂǀĂŝůĂďůĞ ĨŽƌ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ ĨƌŽŵ WŝŶƚŽ Ğƚ Ăů͘ϰϱ Ăƚ ƚŚƌĞĞ ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘
&ŝŐƵƌĞƐϱ͘ϯϯͲϱ͘ϯϱŝůůƵƐƚƌĂƚĞƚŚĞ>>ƌĞƐƵůƚƐŝŶ,ϮKͲͲDWͲKϮƐŽůƵƚŝŽŶƐĂƚϰϬŽ͕ϲϬŽ͕ĂŶĚϴϬŽ͘dŚĞ
ĐĂůĐƵůĂƚĞĚ ƌĞƐƵůƚƐ ;ďŝŶŽĚĂů ĐƵƌǀĞƐ ĂŶĚ ƚŝĞ ůŝŶĞƐͿ ĂƌĞ ƉůŽƚƚĞĚ ŝŶ ĐŽŵƉĂƌŝƐŽŶ ǁŝƚŚ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ͘
&ŝŐƵƌĞ ϱ͘ϯϯ ƐŚŽǁƐ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ǀĂůƵĞƐ Ăƚ ϰϬ Ž ĨŽƌ ƚŚĞ ϲ ŵŽůĂů DW ƐŽůƵƚŝŽŶƐ ǁŝƚŚ Ă ĐŽŶƐƚĂŶƚ KϮ
ĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨϰ͘ϲŵŽůĂů ĂŶĚ ǀĂƌǇŝŶŐĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘dŽ ŬĞĞƉ ƚŚĞĐĂůĐƵůĂƚŝŽŶƐ ƐŝŵƉůĞĂŶĚďĞƚƚĞƌ
ǀŝƐƵĂůŝǌĂƚŝŽŶŽĨƚŚĞŐƌĂƉŚƐ͕ƚŚĞŵŽĚĞůĐĂůĐƵůĂƚŝŽŶƐǁĞƌĞďĂƐĞĚŽŶƐůŝŐŚƚůǇĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶĐŽŶĚŝƚŝŽŶƐ
ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ŝ͘Ğ͕͘ ƚŚĞ DW ĂŶĚ KϮ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ǁĞƌĞ ŶŽƚ ĐŽŶƐƚĂŶƚ ŝŶ ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂďƵƚĂŶĂůŵŽƐƚĂǀĞƌĂŐĞĚǀĂůƵĞǁĂƐƵƐĞĚ ĨŽƌ ƚŚĞŵŽĚĞůĐĂůĐƵůĂƚŝŽŶƐ͘dŚŝƐ ƐŝŵƉůŝĨŝĐĂƚŝŽŶ
ĂůůŽǁĞĚƚŚĞŵŽĚĞůƚŽĐĂůĐƵůĂƚĞƚŚĞƐŵŽŽƚŚďŝŶŽĚĂůĐƵƌǀĞƐĂŶĚƚŚĞƵŶŝĨŽƌŵƚŝĞůŝŶĞƐǁŚŝĐŚ͕ŽƚŚĞƌǁŝƐĞ͕ǁĂƐ
ŶŽƚƉŽƐƐŝďůĞ͘^ŝŵŝůĂƌůǇ͕ ƚŚĞŵŽĚĞů ƌĞƐƵůƚƐĂƚϲϬ Ž ĨŽƌ ƚŚĞϳ͘ϱŵŽůĂůDWƐŽůƵƚŝŽŶƐǁŝƚŚĂĐŽŶƐƚĂŶƚKϮ






































































































































































































































































































ĂǀĂŝůĂďůĞ ŽŶůǇ ĨƌŽŵ ƚŚĞ ƚǁŽ ůŝƚĞƌĂƚƵƌĞ ƐŽƵƌĐĞƐ ĂŶĚ ƉƌĞƐĞŶƚĞĚ ŚĞƌĞ ƐĞƉĂƌĂƚĞůǇ ĨŽƌ ƌƐŚĂĚ Ğƚ Ăů͘ϯϳ ĂŶĚ

















































&ŝŐƵƌĞϱ͘ϰϮ͗WĂƌŝƚǇƉůŽƚǁŝƚŚĞǆƉĞƌŝŵĞŶƚĂů ĂŶĚ ĐĂůĐƵůĂƚĞĚǀĂůƵĞƐŽĨ ƚŚĞĞƋƵŝůŝďƌŝƵŵ ƚŽƚĂůƉƌĞƐƐƵƌĞ ŝŶ,ϮKͲͲKϮĂŶĚ,ϮKͲ
DWͲKϮƐǇƐƚĞŵƐ;DŽŶƚĞŝƌŽĞƚĂů͘ϲ ĨŽƌƐŽůƵƚŝŽŶƐĂŶĚWŝŶƚŽĞƚĂů͘ϰϰ ĨŽƌDWƐŽůƵƚŝŽŶƐͿǁŝƚŚцϭϬйĚĞǀŝĂƚŝŽŶ ;ĚĂƐŚĞĚ
ůŝŶĞͿĨƌŽŵƚŚĞĚŝĂŐŽŶĂů;ƐŽůŝĚůŝŶĞͿ͘

 ƉĂƌŝƚǇ ƉůŽƚ ĨŽƌ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ;ƌƐŚĂĚ Ğƚ Ăů͘ϯϳͿ KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞƐ ŝŶ ƚĞƌŶĂƌǇ ĂŶĚ









































































































ĨƌŽŵ ƚŚĞŵŽĚĞů ƉĂƌĂŵĞƚĞƌƐ ĞƐƚŝŵĂƚĞĚ ĨƌŽŵ ƚŚĞŽƚŚĞƌ ĚĂƚĂ͘ &ŝŐƵƌĞ ϱ͘ϰϱ ƉƌĞƐĞŶƚƐ ƚŚĞ ƉĂƌŝƚǇ ƉůŽƚ ĨŽƌ ƚŚĞ
ĐĂůĐƵůĂƚĞĚ ĂŶĚ ĞǆƉĞƌŝŵĞŶƚĂů ;ƌƐŚĂĚ Ğƚ Ăů͘ϯϵͿ ĚŝĨĨĞƌĞŶƚŝĂů ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ,ϮKͲ͕ ,ϮKͲ
DW͕ĂŶĚ,ϮKͲͲDWƐǇƐƚĞŵƐĂŶĚ&ŝŐƵƌĞϱ͘ϰϲ;ǁŝƚŚĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĨƌŽŵ<ŝŵ͕ϮϬϬϵϰϬͿŝůůƵƐƚƌĂƚĞƐ
ƚŚĞƉĂƌŝƚǇƉůŽƚŝŶƐĂŵĞĂƋƵĞŽƵƐĂŵŝŶĞƐǇƐƚĞŵƐĂƐŝŶ&ŝŐƵƌĞϱ͘ϰϱďƵƚǁŝƚŚĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶƐ͘ůŵŽƐƚ
Ăůů ƚŚĞƉŽŝŶƚƐ ŝŶ&ŝŐƵƌĞϱ͘ϰϱƐŚŽǁĚĞǀŝĂƚŝŽŶƐǁŝƚŚŝŶцϭϱйĨƌŽŵƚŚĞĚŝĂŐŽŶĂůĞǆĐĞƉƚĂ ĨĞǁƉŽŝŶƚƐŽĨ ƚŚĞ














































ŵŝǆŝŶŐ ĂƋƵĞŽƵƐ ͲDW ƐŽůǀĞŶƚ ƐǇƐƚĞŵƐ ĨŽƌ KϮ ĐĂƉƚƵƌĞ͘ dŚĞ ƚǁŽ ƐƵďͲƐǇƐƚĞŵƐ͕ ,ϮKͲͲKϮ ĂŶĚ
,ϮKͲDWͲKϮ͕ǁĞƌĞŵŽĚĞůĞĚĨŝƌƐƚĨŽůůŽǁĞĚďǇƚŚĞ,ϮKͲͲDWͲKϮƐǇƐƚĞŵǁŚŝĐŚŐŝǀĞƐůŝƋƵŝĚͲůŝƋƵŝĚ
ƐƉůŝƚ͘ŝĨĨĞƌĞŶƚƚǇƉĞƐŽĨĞǆƉĞƌŝŵĞŶƚĂůĞƋƵŝůŝďƌŝƵŵĂŶĚƚŚĞƌŵĂůƉƌŽƉĞƌƚǇĚĂƚĂǁĞƌĞƵƐĞĚĨŽƌƚŚĞƉĂƌĂŵĞƚĞƌ
ĞƐƚŝŵĂƚŝŽŶ͘ ϵϰ ŵŽĚĞů ƉĂƌĂŵĞƚĞƌƐ ĂŶĚ ϲ ƚŚĞƌŵŽĚǇŶĂŵŝĐ ƉƌŽƉĞƌƚŝĞƐ ǁĞƌĞ ĨŝƚƚĞĚ ƚŽ ĂƉƉƌŽǆŝŵĂƚĞůǇ ϭϱϬϬ
ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƉƵƌĞ ĂŵŝŶĞ ǀĂƉŽƌ ƉƌĞƐƐƵƌĞ͕ ǀĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ƐŽůŝĚͲůŝƋƵŝĚ
ĞƋƵŝůŝďƌŝƵŵ͕ ůŝƋƵŝĚͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ĞǆĐĞƐƐ ĞŶƚŚĂůƉǇ͕ ĂŶĚ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ĂƋƵĞŽƵƐ ĂŵŝŶĞ
ƐŽůƵƚŝŽŶƐ͘KƵƚŽĨϵϰŵŽĚĞůƉĂƌĂŵĞƚĞƌƐ͕ǀŽůƵŵĞ; U ͿĂŶĚƐƵƌĨĂĐĞĂƌĞĂ ; T ͿƉĂƌĂŵĞƚĞƌƐŚĂǀĞϲƉĂƌĂŵĞƚĞƌƐ
ĞĂĐŚ͕ ƚŚĞďŝŶĂƌǇƉĂƌĂŵĞƚĞƌƐ LMX  ĂŶĚ 7LMX  ŚĂǀĞϰϭƉĂƌĂŵĞƚĞƌƐĞĂĐŚ ĨŽƌ ĐĂůĐƵůĂƚŝŶŐ ƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶĞŶĞƌŐǇ
ƉĂƌĂŵĞƚĞƌƐ   7LM LM LMX X X 7   ͕ ĂŶĚ ϲ ƚŚĞƌŵŽĚǇŶĂŵŝĐ ƉƌŽƉĞƌƚŝĞƐ ĂƌĞ ƚŚĞ ƐƚĂŶĚĂƌĚ ƐƚĂƚĞ 'ŝďď͛Ɛ
ĞŶĞƌŐǇŽĨĨŽƌŵĂƚŝŽŶĂŶĚƐƚĂŶĚĂƌĚƐƚĂƚĞĞŶƚŚĂůƉǇŽĨĨŽƌŵĂƚŝŽŶĨŽƌƚŚĞƚŚƌĞĞƐƉĞĐŝĞƐ  '(($ O ͕  0$3$ O ͕









































ĂƋƵĞŽƵƐ ĂŵŵŽŶŝĂ ƐŽůƵƚŝŽŶƐ ƵƐŝŶŐ ƚŚĞ ǆƚĞŶĚĞĚ hE/Yh ŵŽĚĞů͘ /ŶĚƵƐƚƌŝĂů Θ ŶŐŝŶĞĞƌŝŶŐ ŚĞŵŝƐƚƌǇ
ZĞƐĞĂƌĐŚϰϵ͕ϭϮϲϲϯͲϭϮϲϳϰ͘
;ϯͿ &ĂƌĂŵĂƌǌŝ͕ >͕͘ <ŽŶƚŽŐĞŽƌŐŝƐ͕ '͘D͕͘ dŚŽŵƐĞŶ͕ <͕͘ ^ƚĞŶďǇ͕ ͘,͕͘ ϮϬϬϵ͘ ǆƚĞŶĚĞĚ hE/Yh ŵŽĚĞů ĨŽƌ
ƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐŽĨKϮĂďƐŽƌƉƚŝŽŶŝŶĂƋƵĞŽƵƐĂůŬĂŶŽůĂŵŝŶĞƐŽůƵƚŝŽŶƐ͘&ůƵŝĚWŚĂƐĞƋƵŝůŝďƌŝĂϮϴϮ͕
ϭϮϭͲϭϯϮ͘
;ϰͿ ^ĂĚĞŐŚ͕ E͕͘ ϮϬϭϮ͘ ĐŝĚ 'ĂƐ ZĞŵŽǀĂů ĨƌŽŵ EĂƚƵƌĂů 'ĂƐ ǁŝƚŚ ůŬĂŶŽůĂŵŝŶĞƐ͗  DŽĚĞůŝŶŐ ĂŶĚ
ǆƉĞƌŝŵĞŶƚĂů^ƚƵĚǇ͘dĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇŽĨĞŶŵĂƌŬ͕<ͲϮϴϬϬ>ǇŶŐďǇ͕ĞŶŵĂƌŬ͘
;ϱͿ,ĂƌƚŽŶŽ͕͕͘^ĂůĞĞŵ͕&͕͘ƌƐŚĂĚ͕D͘t͕͘hƐŵĂŶ͕D͕͘^ǀĞŶĚƐĞŶ͕,͘&͕͘ϮϬϭϯ͘ŝŶĂƌǇĂŶĚƚĞƌŶĂƌǇs>ŽĨƚŚĞ
ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿͲĞƚŚĂŶŽů ;Ϳͬ ϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿͲƉƌŽƉǇůĂŵŝŶĞ ;DWͿͬ ǁĂƚĞƌ ƐǇƐƚĞŵ͘ ŚĞŵŝĐĂů
ŶŐŝŶĞĞƌŝŶŐ^ĐŝĞŶĐĞϭϬϭ͕ϰϬϭͲϰϭϭ͘





;ϴͿ dŚŽŵƐĞŶ͕ <͕͘ ϭϵϵϳ͘ ƋƵĞŽƵƐ ĞůĞĐƚƌŽůǇƚĞƐ͗ ŵŽĚĞů ƉĂƌĂŵĞƚĞƌƐ ĂŶĚ ƉƌŽĐĞƐƐ ƐŝŵƵůĂƚŝŽŶ͘ WŚ͘͘ dŚĞƐŝƐ͕
dĞĐŚŶŝĐĂůhŶŝǀĞƌƐŝƚǇŽĨĞŶŵĂƌŬ͕<ŽŶŐĞŶƐ>ǇŶŐďǇ͕ĞŶŵĂƌŬ͘
;ϵͿ ^ĂŶĚĞƌ͕ ͕͘ &ƌĞĚĞŶƐůƵŶĚ͕ ͕͘ ZĂƐŵƵƐƐĞŶ͕ W͕͘ ϭϵϴϲ͘ ĂůĐƵůĂƚŝŽŶ ŽĨ ǀĂƉŽƵƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝĂ ŝŶ ŵŝǆĞĚ
ƐŽůǀĞŶƚͬ ƐĂůƚ ƐǇƐƚĞŵƐ ƵƐŝŶŐ ĂŶ ĞǆƚĞŶĚĞĚ hE/Yh ĞƋƵĂƚŝŽŶ͘ ŚĞŵŝĐĂů ŶŐŝŶĞĞƌŝŶŐ ^ĐŝĞŶĐĞ ϰϭ;ϱͿ͕ ϭϭϳϭͲ
ϭϭϴϯ͘
;ϭϬͿ^ĂŶĚĞƌ͕͕͘ZĂƐŵƵƐƐĞŶ͕W͕͘&ƌĞĚĞŶƐůƵŶĚ͕͕͘ϭϵϴϲ͘ĂůĐƵůĂƚŝŽŶŽĨǀĂƉŽƵƌͲůŝƋƵŝĚĞƋƵŝůŝďƌŝĂŝŶŶŝƚƌŝĐĂĐŝĚͲ
ǁĂƚĞƌͲŶŝƚƌĂƚĞ ƐĂůƚ ƐǇƐƚĞŵƐ ƵƐŝŶŐ ĂŶ ĞǆƚĞŶĚĞĚ hE/Yh ĞƋƵĂƚŝŽŶ͘ ŚĞŵŝĐĂů ŶŐŝŶĞĞƌŝŶŐ ^ĐŝĞŶĐĞ ϰϭ;ϱͿ͕
ϭϭϴϱͲϭϭϵϱ͘














;ϭϰͿDĂƵƌĞƌ͕'͕͘ WƌĂƵƐŶŝƚǌ͕ :͘D͕͘ ϭϵϳϴ͘KŶ ƚŚĞ ĚĞƌŝǀĂƚŝŽŶ ĂŶĚĞǆƚĞŶƐŝŽŶŽĨ ƚŚĞhE/YhĞƋƵĂƚŝŽŶ͘ &ůƵŝĚ
WŚĂƐĞƋƵŝůŝďƌŝĂϮ͕ϵϭͲϵϵ͘







ĐĂƌďŽŶĚŝŽǆŝĚĞ ŝŶ ĂƋƵĞŽƵƐ ϯϬŵĂƐƐйϮͲ;;ϮͲŵŝŶŽĞƚŚǇůͿĂŵŝŶŽͿĞƚŚĂŶŽů ƐŽůƵƚŝŽŶ͘ /ŶĚƵƐƚƌŝĂůΘ ŶŐŝŶĞĞƌŝŶŐ
ŚĞŵŝƐƚƌǇZĞƐĞĂƌĐŚϰϱ;ϴͿ͕ϮϱϬϱͲϮϱϭϮ͘





























EĂϮKϯͲEĂ,KϯͲŵŽŶŽĞƚŚǇůĞŶĞ ŐůǇĐŽůͲǁĂƚĞƌ͘ /ŶĚƵƐƚƌŝĂů Θ ŶŐŝŶĞĞƌŝŶŐ ŚĞŵŝƐƚƌǇ ZĞƐĞĂƌĐŚ ϰϴ ;ϰͿ͕ ϰϱϲϱͲ
ϰϱϳϴ͘
;ϮϵͿ :ŽďĂĐŬ͕ <͘'͕͘ ZĞŝĚ͕ Z͘͕͘ ϭϵϴϳ͘ ƐƚŝŵĂƚŝŽŶ ŽĨ ƉƵƌĞͲĐŽŵƉŽŶĞŶƚ ƉƌŽƉĞƌƚŝĞƐ ĨƌŽŵ ŐƌŽƵƉͲĐŽŶƚƌŝďƵƚŝŽŶƐ͘
ŚĞŵŝĐĂůŶŐŝŶĞĞƌŝŶŐŽŵŵƵŶŝĐĂƚŝŽŶƐϱϳ͕ϮϯϯͲϮϰϯ͘
;ϯϬͿ DĂŚĂŵ͕ z͕͘ ,ĞůƉĞƌ͕ >͘'͕͘ DĂƚŚĞƌ͕ ͘͕͘ ,ĂŬŝŶ͕ ͘t͕͘ DĂƌƌŝŽƚƚ͕ Z͘͕͘ ϭϵϵϳ͘ DŽůĂƌ ŚĞĂƚ ĐĂƉĂĐŝƚŝĞƐ ŽĨ
ĂůŬĂŶŽůĂŵŝŶĞƐ ĨƌŽŵ Ϯϵϵ͘ϭ ƚŽ ϯϵϳ͘ϴ <͘ 'ƌŽƵƉ ĂĚĚŝƚŝǀŝƚǇ ĂŶĚ ŵŽůĞĐƵůĂƌ ĐŽŶŶĞĐƚŝǀŝƚǇ ĂŶĂůǇƐĞƐ͘ :ŽƵƌŶĂů ŽĨ
ŚĞŵŝĐĂů^ŽĐŝĞƚǇ͕&ĂƌĂĚĂǇdƌĂŶƐĂĐƚŝŽŶƐϵϯ;ϵͿ͕ϭϳϰϳͲϭϳϱϬ͘
;ϯϭͿ ZĂǇĞƌ͕ ͘s͕͘ ,ĞŶŶŝ͕ ͕͘ dŽŶƚŝǁĂĐŚǁƵƚŚŝŬƵů͕ W͕͘ ϮϬϭϮ͘DŽůĂƌ ŚĞĂƚ ĐĂƉĂĐŝƚŝĞƐ ŽĨ ƐŽůǀĞŶƚƐ ƵƐĞĚ ŝŶ KϮ
ĂƉƚƵƌĞ͗ Ă ŐƌŽƵƉ ĂĚĚŝƚŝǀŝƚǇ ĂŶĚ ŵŽůĞĐƵůĂƌ ĐŽŶŶĞĐƚŝǀŝƚǇ ĂŶĂůǇƐŝƐ͘ dŚĞ ĂŶĂĚŝĂŶ :ŽƵƌŶĂů ŽĨ ŚĞŵŝĐĂů
ŶŐŝŶĞĞƌŝŶŐϵϬ͕ϯϲϳͲϯϳϲ͘
;ϯϮͿDƵƌƌĂǇ͕ Z͘͘ :ƌ͕͘ ŽďďůĞ͕ :͘t͕͘ ϭϵϴϬ͘ ŚĞŵŝĐĂů ĞƋƵŝůŝďƌŝĂ ŝŶ ĂƋƵĞŽƵƐ ƐǇƐƚĞŵƐ Ăƚ ŚŝŐŚ ƚĞŵƉĞƌĂƚƵƌĞƐ͘
ŶŶƵĂůDĞĞƚŝŶŐͲ/ŶƚĞƌŶĂƚŝŽŶĂůtĂƚĞƌŽŶĨĞƌĞŶĐĞ͕ϮϵϱͲϯϭϬ͘
;ϯϯͿ^ƚĞĞůĞ͕t͘s͕͘ŚŝƌŝĐŽ͕Z͘͕͘<ŶŝƉŵĞǇĞƌ͕^͘͕͘EŐƵǇĞŶ͕͕͘ϮϬϬϮ͘DĞĂƐƵƌĞŵĞŶƚƐŽĨǀĂƉŽƌƉƌĞƐƐƵƌĞ͕ŚĞĂƚ
ĐĂƉĂĐŝƚǇ͕ ĂŶĚ ĚĞŶƐŝƚǇ ĂůŽŶŐ ƚŚĞ ƐĂƚƵƌĂƚŝŽŶ ůŝŶĞ ĨŽƌ ĐǇĐůŽƉƌŽƉĂŶĞ ĂĐŝĚ͕ E͕EͲĚŝĞƚŚǇůĞƚŚĂŶŽĂůĂŵŝŶĞ͕ Ϯ͕ϯͲ




;ϯϱͿ <ůĞƉĄēŽǀĄ͕ <͕͘ ,ƵƚƚĞŶŚƵŝƐ͕ W͘:͘'͕͘ ĞƌŬƐ͕ W͘t͘:͕͘ sĞƌƐƚĞĞŐ͕ '͘&͕͘ ϮϬϭϭ͘ sĂƉŽƌ ƉƌĞƐƐƵƌĞƐ ŽĨ ƐĞǀĞƌĂů
ĐŽŵŵĞƌĐŝĂůůǇƵƐĞĚĂůŬĂŶŽůĂŵŝŶĞƐ͘:ŽƵƌŶĂůŽĨŚĞŵŝĐĂůĂŶĚŶŐŝŶĞĞƌŝŶŐĂƚĂϱϲ͕ϮϮϰϮͲϮϮϰϴ͘
;ϯϲͿ ƌƐŚĂĚ͕D͘t͕͘ &ŽƐďƆů͕ W͘>͕͘ ǀŽŶ ^ŽůŵƐ͕ E͕͘ dŚŽŵƐĞŶ͕ <͕͘ ϮϬϭϯ͘ &ƌĞĞǌŝŶŐ ƉŽŝŶƚ ĚĞƉƌĞƐƐŝŽŶƐ ŽĨ ƉŚĂƐĞ
ĐŚĂŶŐĞKϮƐŽůǀĞŶƚƐ͘:ŽƵƌŶĂůŽĨŚĞŵŝĐĂůĂŶĚŶŐŝŶĞĞƌŝŶŐĂƚĂϱϴ;ϳͿ͕ϭϵϭϴͲϭϵϮϲ͘
;ϯϳͿ ƌƐŚĂĚ͕ D͘t͕͘ ^ǀĞŶĚƐĞŶ͕ ,͘&͕͘ &ŽƐďƆů͕ W͘>͕͘ ǀŽŶ ^ŽůŵƐ͕ E͕͘ dŚŽŵƐĞŶ͕ <͕͘ ϮϬϭϰ͘ ƋƵŝůŝďƌŝƵŵ dŽƚĂů
WƌĞƐƐƵƌĞĂŶĚKϮ^ŽůƵďŝůŝƚǇŝŶŝŶĂƌǇĂŶĚdĞƌŶĂƌǇƋƵĞŽƵƐ^ŽůƵƚŝŽŶƐŽĨϮͲ;ŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů;ͿĂŶĚ
ϯͲ;DĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ;DWͿ͘:ŽƵƌŶĂůŽĨŚĞŵŝĐĂůĂŶĚŶŐŝŶĞĞƌŝŶŐĂƚĂϱϵ;ϯͿ͕ϳϲϰͲϳϳϰ͘




KϮ ŝŶ WŚĂƐĞ ŚĂŶŐĞ ^ŽůǀĞŶƚƐ͗ ϮͲ;ĚŝĞƚŚǇůĂŵŝŶŽͿĞƚŚĂŶŽů ĂŶĚ ϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ͘ :ŽƵƌŶĂů ŽĨ
ŚĞŵŝĐĂůĂŶĚŶŐŝŶĞĞƌŝŶŐĂƚĂϱϴ;ϳͿ͕ϭϵϳϰͲϭϵϴϴ͘








;ϰϭͿ<ŝŵ͕ /͕͘ ^ǀĞŶĚƐĞŶ͕,͘&͕͘ ƆƌƌĞƐĞŶ͕ ͕͘ ϮϬϬϴ͘ ďƵůůŝŽŵĞƚƌŝĐĚĞƚĞƌŵŝŶĂƚŝŽŶŽĨǀĂƉŽƌͲůŝƋƵŝĚĞƋƵŝůŝďƌŝĂ ĨŽƌ
ƉƵƌĞǁĂƚĞƌ͕ŵŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ͕EͲŵĞƚŚǇůĚŝĞƚŚĂŶŽůĂŵŝŶĞ͕ϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿͲƉƌŽƉǇůĂŵŝŶĞ͕ĂŶĚƚŚĞŝƌďŝŶĂƌǇ
ĂŶĚƚĞƌŶĂƌǇƐŽůƵƚŝŽŶƐ͘:ŽƵƌŶĂůŽĨŚĞŵŝĐĂůĂŶĚŶŐŝŶĞĞƌŝŶŐĂƚĂϱϯ;ϭϭͿ͕ϮϱϮϭʹϮϱϯϭ͘
;ϰϮͿ sĞƌĞǀŬŝŶ͕ ^͘W͕͘ ŚĞƌŶǇĂŬ͕ z͕͘ ϮϬϭϮ͘ sĂƉŽƌ ƉƌĞƐƐƵƌĞ ĂŶĚ ĞŶƚŚĂůƉǇ ŽĨ ǀĂƉŽƌŝǌĂƚŝŽŶ ŽĨ ĂůŝƉŚĂƚŝĐ
ƉƌŽƉĂŶĞĚŝĂŵŝŶĞƐ͘:ŽƵƌŶĂůŽĨŚĞŵŝĐĂůdŚĞƌŵŽĚǇŶĂŵŝĐƐϰϳ͕ϯϮϴͲϯϯϰ͘
;ϰϯͿ DŽŶƚĞŝƌŽ͕ :͘'͘D͘Ͳ^͕͘ WŝŶƚŽ͕͘͘͕͘ ,ĂƌƚŽŶŽ͕ ͕͘ ^ǀĞŶĚƐĞŶ͕ ,͘&͕͘ ϮϬϭϭ͘ &ŝŶĂů ƌĞƉŽƌƚ ŽŶ ůŝƋƵŝĚͬ ůŝƋƵŝĚ
ƐŽůǀĞŶƚƐĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ͘hϳƚŚ&ƌĂŵĞǁŽƌŬWƌŽŐƌĂŵ͕ŝĂƉƉƌŽũĞĐƚ͘ĞůŝǀĞƌĂďůĞŶƵŵďĞƌϭ͘ϯ͘Ϯ͘
;ϰϰͿWŝŶƚŽ͕͘͘͕͘ƌƵĚĞƌW͕͘DŽŶƚĞŝƌŽ:͘'͘DͲ^͕͘:ĞŶƐ͕͘&ŽƐƐ͕͘,ĂƌƚŽŶŽ͕͘^ǀĞŶĚƐĞŶ,͘&͕͘ϮϬϭϰĂ͘s>ĚĂƚĂ
ĂŶĚŵŽĚĞůůŝŶŐŽĨĂƋƵĞŽƵƐEͲŵĞƚŚǇůͲϭ͕ϯͲĚŝĂŵŝŶŽƉƌŽƉĂŶĞ ;DWͿ ƐŽůƵƚŝŽŶƐ͘dŽďĞ ƐƵďŵŝƚƚĞĚƚŽŚĞŵŝĐĂů
ŶŐŝŶĞĞƌŝŶŐ:ŽƵƌŶĂů͘
;ϰϱͿWŝŶƚŽ͕͘͘͕͘ĂŝĚǇ͕^͘͘,͕͘,ĂƌƚŽŶŽ͕͘^ǀĞŶĚƐĞŶ,͘&͕͘ϮϬϭϰ͘WƌĞůŝŵŝŶĂƌǇĞǀĂůƵĂƚŝŽŶŽŶĂƉŚĂƐĞĐŚĂŶŐĞ
ƐŽůǀĞŶƚ ĨŽƌ KϮ ĐĂƉƚƵƌĞ͗ ďƐŽƌƉƚŝŽŶ ĂŶĚ ĚĞƐŽƌƉƚŝŽŶ ƚĞƐƚƐ͘ ^ƵďŵŝƚƚĞĚ ƚŽ /ŶƚĞƌŶĂƚŝŽŶĂů :ŽƵƌŶĂů ŽĨ
'ƌĞĞŶŚŽƵƐĞ'ĂƐŽŶƚƌŽů͘
















;Ϳ  ĂŶĚ ϯͲ;ŵĞƚŚǇůĂŵŝŶŽͿƉƌŽƉǇůĂŵŝŶĞ ;DWͿ͘ dŽ ĚĞǀĞůŽƉ ƚŚŝƐ ĂĚǀĂŶĐĞĚ ƐŽůǀĞŶƚ ƐǇƐƚĞŵ͕ ĚŝĨĨĞƌĞŶƚ
ƚǇƉĞƐ ŽĨ ĞǆƉĞƌŝŵĞŶƚĂůŵĞĂƐƵƌĞŵĞŶƚƐǁĞƌĞ ƉĞƌĨŽƌŵĞĚ ŝŶ ƚŚĞ ďŝŶĂƌǇ ĂŶĚ ƚĞƌŶĂƌǇ ƐŽůƵƚŝŽŶƐ ŽĨ  ĂŶĚ
DW͕ďŽƚŚƵŶůŽĂĚĞĚĂŶĚKϮůŽĂĚĞĚ͘ĂƐĞĚŽŶƚŚĞŐĞŶĞƌĂƚĞĚĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂĂŶĚŽƚŚĞƌĚĂƚĂĂǀĂŝůĂďůĞ
ĨƌŽŵƚŚĞůŝƚĞƌĂƚƵƌĞ͕ĂƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůǁĂƐĚĞǀĞůŽƉĞĚĨŽƌƚŚĞĚĞͲŵŝǆŝŶŐ,ϮKͲͲDWͲKϮƐǇƐƚĞŵ




ĂƋƵĞŽƵƐ ͲDW ƐŽůƵƚŝŽŶƐ ĨŽƌ ĚŝĨĨĞƌĞŶƚŵŽůĂƌ ƌĂƚŝŽƐ ŽĨ ͬDW͘ &WŵĞĂƐƵƌĞŵĞŶƚƐ ǁĞƌĞ ĂůƐŽ
ŵĂĚĞĨŽƌ ƚŚĞKϮ ůŽĂĚĞĚƐǇƐƚĞŵƐŽĨĚŝĨĨĞƌĞŶƚĐŽŶĐĞŶƚƌĂƚŝŽŶŽĨĂŶĚDWƐŽůƵƚŝŽŶƐĂƚǀĂƌǇŝŶŐKϮ
ůŽĂĚŝŶŐƐ͘ dŚĞŵĞĂƐƵƌĞĚ ĚĂƚĂǁĞƌĞ ĐŽŵƉĂƌĞĚǁŝƚŚ ƚŚĞ ƌĞƐƵůƚƐ ŽĨŵŽŶŽĞƚŚĂŶŽůĂŵŝŶĞ ;DͿ ĂŶĚŵĞƚŚǇů





ĂŶĚ ϱD нϭDDW ;ϱϭDͿǁĞƌĞŵĞĂƐƵƌĞĚ ĂƐ Ă ĨƵŶĐƚŝŽŶŽĨ ƚĞŵƉĞƌĂƚƵƌĞ ĂŶĚKϮ ůŽĂĚŝŶŐ ŝŶ Ă
ĐŽŵŵĞƌĐŝĂůůǇ ĂǀĂŝůĂďůĞ ĐĂůŽƌŝŵĞƚĞƌ͘ dŚĞ ůĂƐƚ ƚǁŽŵŝǆƚƵƌĞƐ ǁĞƌĞ ĐŚĂƌĂĐƚĞƌŝǌĞĚ ĂƐ ĚĞͲŵŝǆŝŶŐ ƐŽůƵƚŝŽŶƐ Ăƚ
ĐĞƌƚĂŝŶ ĐŽŶĐĞŶƚƌĂƚŝŽŶƐ ŽĨ ĐĂƌďŽŶ ĚŝŽǆŝĚĞ͘ dŚĞ ŵĞĂƐƵƌĞŵĞŶƚƐ ǁĞƌĞ ƉĞƌĨŽƌŵĞĚ ŝƐŽƚŚĞƌŵĂůůǇ Ăƚ ƚŚƌĞĞ
ĚŝĨĨĞƌĞŶƚ ƚĞŵƉĞƌĂƚƵƌĞƐ ϰϬ͕ ϴϬ͕ ĂŶĚ ϭϮϬ Ž͕ ĂŶĚ ǀĂƌǇŝŶŐ KϮ ůŽĂĚŝŶŐƐ͘ dŚĞŵĞĂƐƵƌĞĚ ĚŝĨĨĞƌĞŶƚŝĂů ŚĞĂƚ ŽĨ
ĂďƐŽƌƉƚŝŽŶǀĂůƵĞƐǁĞƌĞĐŽŶǀĞƌƚĞĚŝŶƚŽŝŶƚĞŐƌĂůǀĂůƵĞƐďǇŝŶƚĞŐƌĂƚŝŽŶ͘ůůƚŚĞŵĞĂƐƵƌĞĚŚĞĂƚƐŽĨĂďƐŽƌƉƚŝŽŶ
ĚĂƚĂ ǁĞƌĞ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ϯϬ ŵĂƐƐ й D ĂƐ Ă ƌĞĨĞƌĞŶĐĞ ĐĂƐĞ͘ ϱ D  ƐŚŽǁĞĚ Ă ůŽǁĞƌ ŚĞĂƚ ŽĨ






ƚŚĞ ƐǇƐƚĞŵƐ͕ ĞƋƵŝůŝďƌŝƵŵ KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞƐ ǁĞƌĞ ĐĂůĐƵůĂƚĞĚ ĨƌŽŵ ƚŚĞ ŵĞĂƐƵƌĞĚ ĞƋƵŝůŝďƌŝƵŵ ƚŽƚĂů












dŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐ ŽĨ ƚŚĞ ĚĞͲŵŝǆŝŶŐ ůŝƋƵŝĚͲůŝƋƵŝĚ ƉŚĂƐĞ ĐŚĂŶŐĞ ƐŽůǀĞŶƚ ƐǇƐƚĞŵ͕ ,ϮKͲͲDWͲ
KϮ͕ĂŶĚƚŚĞƚǁŽƐƵďͲƐǇƐƚĞŵƐ͕,ϮKͲͲKϮĂŶĚ,ϮKͲDWͲKϮ͕ǁĂƐƉĞƌĨŽƌŵĞĚďǇƵƐŝŶŐƚŚĞǆƚĞŶĚĞĚ
hE/YhƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞů͘ŝĨĨĞƌĞŶƚƚǇƉĞƐŽĨĞǆƉĞƌŝŵĞŶƚĂůĚĂƚĂŵĞĂƐƵƌĞĚŝŶƚŚŝƐǁŽƌŬƚŽŐĞƚŚĞƌǁŝƚŚ
ƚŚĞ ĚĂƚĂ ĂǀĂŝůĂďůĞ ĨƌŽŵ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ ǁĞƌĞ ƵƐĞĚ ƚŽ ƉĞƌĨŽƌŵ ƚŚĞ ƉĂƌĂŵĞƚĞƌ ĞƐƚŝŵĂƚŝŽŶ͘ ϵϰ ŵŽĚĞů
ƉĂƌĂŵĞƚĞƌƐ ĂŶĚ ϲ ƚŚĞƌŵŽĚǇŶĂŵŝĐ ƉƌŽƉĞƌƚŝĞƐ ǁĞƌĞ ĨŝƚƚĞĚ ƚŽ ĂƉƉƌŽǆŝŵĂƚĞůǇ ϭϱϬϬ ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ
ĐŽŶƐŝƐƚŝŶŐ ŽĨ ƉƵƌĞ ĂŵŝŶĞ ǀĂƉŽƌ ƉƌĞƐƐƵƌĞ͕ ǀĂƉŽƌͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ƐŽůŝĚͲůŝƋƵŝĚ ĞƋƵŝůŝďƌŝƵŵ͕ ůŝƋƵŝĚͲůŝƋƵŝĚ
ĞƋƵŝůŝďƌŝƵŵ͕ ĞǆĐĞƐƐ ĞŶƚŚĂůƉǇ͕ ĂŶĚ ŚĞĂƚ ŽĨ ĂďƐŽƌƉƚŝŽŶ ŽĨ KϮ ŝŶ ĂƋƵĞŽƵƐ ĂŵŝŶĞ ƐŽůƵƚŝŽŶƐ͘tŝƚŚ Ă ƐŝŶŐůĞ
ƵŶŝƋƵĞƐĞƚŽĨƉĂƌĂŵĞƚĞƌƐ͕ƚŚĞŵŽĚĞůĚĞǀĞůŽƉĞĚŝŶƚŚŝƐǁŽƌŬĐĂŶƌĞƉƌŽĚƵĐĞĂůŵŽƐƚĂůůƚŚĞďŝŶĂƌǇ͕ƚĞƌŶĂƌǇ͕
ĂŶĚƋƵĂƚĞƌŶĂƌǇĚĂƚĂƉŽŝŶƚƐĂŶĚĐĂŶĚĞƐĐƌŝďĞĂůů ƚŚĞĚĂƚĂƚǇƉĞƐƐĂƚŝƐĨĂĐƚŽƌŝůǇ ĨŽƌ ƚŚĞ,ϮKͲͲKϮ͕,ϮKͲ
DWͲKϮ͕ĂŶĚ,ϮKͲͲDWͲKϮƐǇƐƚĞŵƐ͘
ϲ͘ϮZĞĐŽŵŵĞŶĚĂƚŝŽŶƐ
dŚĞ ǁŽƌŬ ƉƌĞƐĞŶƚĞĚ ŝŶ ƚŚŝƐ WŚ͘͘ ƚŚĞƐŝƐ ŝƐ ŽŶĞ ŽĨ ƚŚĞ ŝŶŝƚŝĂů ƐƚƵĚŝĞƐ ĐŽŶĚƵĐƚĞĚ ŽŶ ƚŚĞ ĞǆƉĞƌŝŵĞŶƚĂů
ŵĞĂƐƵƌĞŵĞŶƚƐĂŶĚƚŚĞƌŵŽĚǇŶĂŵŝĐŵŽĚĞůŝŶŐŽĨ ƚŚĞĚĞͲŵŝǆŝŶŐKϮĐĂƉƚƵƌĞƐŽůǀĞŶƚƐǇƐƚĞŵƐĐŽŶƐŝƐƚŝŶŐŽĨ




ƐĂƐƚĂƌƚŝŶŐƉŽŝŶƚ͕ ƚŚĞ&WŵĞĂƐƵƌĞŵĞŶƚƐ ŝŶ ƚŚĞKϮ ůŽĂĚĞĚƐǇƐƚĞŵƐǁĞƌĞŽŶůǇƉĞƌĨŽƌŵĞĚĨŽƌ ƚŚĞ,ϮKͲ
ͲKϮĂŶĚ,ϮKͲDWͲKϮƐǇƐƚĞŵƐĂƚǀĂƌǇŝŶŐKϮ ůŽĂĚŝŶŐƐ͘dŚĞƐĞŵĞĂƐƵƌĞŵĞŶƚƐĐĂŶďĞĞǆƚĞŶĚĞĚƚŽ
ƚŚĞĚĞͲŵŝǆŝŶŐďůĞŶĚƐŽĨ,ϮKͲͲDWͲKϮ͘/ƚƐŚŽƵůĚďĞŶŽƚĞĚƚŚĂƚƚŚĞƐĞƐŽůǀĞŶƚƐǇƐƚĞŵƐŚĂǀĞƚŚĞĚĞͲ
ŵŝǆŝŶŐďĞŚĂǀŝŽƌŽŶůǇ ŝŶĂĐĞƌƚĂŝŶƌĂŶŐĞŽĨKϮ ůŽĂĚŝŶŐĂŶĚŽŶůǇ ĨŽƌ ƚŚĞĂƋƵĞŽƵƐĂŵŝŶĞďůĞŶĚƐ ŝŶĐĞƌƚĂŝŶ
ĐŽŶĐĞŶƚƌĂƚŝŽŶ ƌĂŶŐĞƐ ŽĨ  ĂŶĚ DW ŝŶ ƚŚĞ ŵŝǆƚƵƌĞ͘ /ƚ ǁŽƵůĚ ďĞ ŽĨ ŐƌĞĂƚ ǁŽƌƚŚ ŝĨ ĚĞƚĂŝůĞĚ
ŝŶǀĞƐƚŝŐĂƚŝŽŶƐ ǁŝůů ďĞ ĐŽŶĚƵĐƚĞĚ ƚŽ ĞǆĂŵŝŶĞ ĂŶĚ ƵŶĚĞƌƐƚĂŶĚ ƚŚĞ ĚĞͲŵŝǆŝŶŐ ďĞŚĂǀŝŽƌ ŽĨ ƚŚĞƐĞ ƐŽůǀĞŶƚ




^ŝŶĐĞ ƚŚĞ ͲDW ĚĞͲŵŝǆŝŶŐ ƐǇƐƚĞŵ ŝƐ Ă ƌĞůĂƚŝǀĞůǇ ŶĞǁ ƐŽůǀĞŶƚ ƐǇƐƚĞŵ͕ ŽŶůǇ Ă ƐŵĂůů ŶƵŵďĞƌ ŽĨ




KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞƐ ƌĂŶŐŝŶŐ ďĞƚǁĞĞŶ ϭ ƚŽ ϮϬ ŬWĂ ;KϮ ƉĂƌƚŝĂů ƉƌĞƐƐƵƌĞ ŝŶ ƚŚĞ ĨůƵĞ ŐĂƐ Ăƚ ĂďƐŽƌďĞƌ














ĂůůŽǁƐ ƚŚĞ ĐŽůůĞĐƚŝŽŶ ŽĨ ƐĂŵƉůĞƐ ĨƌŽŵ ƚŚĞ ƚǁŽ ƉŚĂƐĞƐ ǁŝƚŚŽƵƚ ĐŽŶƚĂŵŝŶĂƚŝŶŐ ƚŚĞŵ ďǇ ŬĞĞƉŝŶŐ Ăůů ƚŚĞ
ƉŚĂƐĞƐŝŶĞƋƵŝůŝďƌŝƵŵĂƚƚŚĞŐŝǀĞŶĞǆƉĞƌŝŵĞŶƚĂůĐŽŶĚŝƚŝŽŶƐ͘dŚĞĐŽůůĞĐƚĞĚƐĂŵƉůĞƐƐŚŽƵůĚďĞƌĞĨƌŝŐĞƌĂƚĞĚƚŽ
ĞŶƐƵƌĞŶŽĞǀĂƉŽƌĂƚŝŽŶŽĨĂŶǇĐŽŵƉŽŶĞŶƚĨƌŽŵƚŚĞĐŽůůĞĐƚĞĚƐĂŵƉůĞ͕ĞƐƉĞĐŝĂůůǇKϮ͘
dŚĞ hE/Yh ŵŽĚĞů ƉĂƌĂŵĞƚĞƌƐ ; U ͕ T ͕ LMX ͕ ĂŶĚ 7LMX Ϳ ĨŽƌ ƚŚĞ Ɛŝǆ ƐƉĞĐŝĞƐ  '(($ DT ͕ '(($+  ͕
 0$3$ DT ͕ 0$3$+  ͕ +0$3$+  ͕ ĂŶĚ 0$3$&22  ǁĞƌĞ ĚĞƚĞƌŵŝŶĞĚ ŝŶ ƚŚŝƐǁŽƌŬ ďǇ ĨŝƚƚŝŶŐ ƚŽ ƚŚĞ
ĞǆƉĞƌŝŵĞŶƚĂů ĚĂƚĂ͘ dŚĞƌŵŽĚǇŶĂŵŝĐ ŵŽĚĞůŝŶŐ ŽĨ ƚŚĞ ,ϮKͲDWͲKϮ ƐǇƐƚĞŵ ƐŚŽǁĞĚ ƌĞůĂƚŝǀĞůǇ ŚŝŐŚĞƌ
ĚĞǀŝĂƚŝŽŶƐ ďĞƚǁĞĞŶ ƚŚĞŵĞĂƐƵƌĞĚ ĂŶĚ ƚŚĞ ĐĂůĐƵůĂƚĞĚ ƌĞƐƵůƚƐŽĨ s>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Freezing Point Depressions of Phase Change CO2 Solvents
Muhammad Waseem Arshad, Philip Loldrup Fosbøl, Nicolas von Solms, and Kaj Thomsen*
Technical University of Denmark, Department of Chemical and Biochemical Engineering, Center for Energy Resources Engineering
(CERE), Søltofts Plads Building 229, DK-2800 Kongens Lyngby, Denmark
ABSTRACT: Freezing point depressions (FPD) in phase change solvents
containing 2-(diethylamino)ethanol (DEEA) and 3-(methylamino)propylamine
(MAPA) were measured using a modiﬁed Beckmann apparatus. The
measurements were performed for the binary aqueous DEEA and MAPA
solutions, respectively, in the concentration ranges of (0 to 55) mass percent
and (0 to 32.5) mass percent of amine. For the ternary aqueous DEEA−MAPA
solutions, freezing points were measured for 5:1, 3:1, 1:1, 1:3, and 1:5 molar
ratios of DEEA/MAPA. The FPD method was extended for easy and accurate
measurement of freezing points in the CO2 loaded systems. It is based on
saturation of the solution by CO2 and then dilution by using a batch of the
original unloaded solution in order to get the solutions with diﬀerent CO2
loadings. Freezing point measurements were then carried out for (12, 20, 30, and 33) mass percent DEEA solutions and (10, 20,
and 27) mass percent MAPA solutions at diﬀerent CO2 loadings. The apparatus and the experimental method used showed good
repeatability and accuracy. The measured freezing point data were compared with monoethanolamine (MEA) and methyl
diethanolamine (MDEA) found in the literature. The experimental values indicate that the DEEA−water interaction is almost
similar to that of MEA−water interaction. MAPA has shown a stronger nonideal behavior compared to DEEA. A correlation for
the freezing points as a function of solution composition was formulated for the unloaded binary and ternary systems.
1. INTRODUCTION
Reactive absorption using amines is one of the most common
industrial technologies available today for the postcombustion
CO2 capture. These processes have been considered as the
most feasible route to capture CO2 from power plant ﬂue gases.
This is due to their use in many industrial applications, such as
CO2 removal from reformer gases, acid gas removal from
natural gas, etc.1 The amine based scrubbing selectively
removes CO2 from the ﬂue gases and releases a high-purity
CO2 oﬀgas stream upon heating in a stripper column which is
suitable for storage without any further treatment. However,
the energy requirement for solvent regeneration is very high in
these processes.2,3 Therefore, the development of new solvent
systems with improved energy eﬃciency, innovative process
design, and technological improvements is necessary in order to
reduce the high capital cost and energy requirements for the
capture process.4,5
Primary and secondary amines are known for their fast
reaction rates and high heat of reaction due to formation of
carbamates with CO2.
6 Consequently they require high energy
for the reaction reversion. Tertiary amines, on the other hand,
have low heat of reactions due to formation of bicarbonates by
base catalysis of CO2 hydration
7 and require relatively low
energy for solvent regeneration. These amines generally have
high CO2 loading capacity and low reaction rate.
8,9 None of the
amine types have ideal properties for CO2 absorption, so mixed
amine systems have become very popular in order to exploit the
favorable properties of all types of amines.
A new set of solvents have recently emerged, which may be
called phase change solvents. They have shown potential to
reduce the energy requirements for solvent regeneration. These
solvents either form precipitate, for example, the Alstom chilled
ammonia (CAP) process10 or form two liquid phases, for
example, the DMX process11 and thermomorphic biphasic
solvents (TBS) systems.12 The TBS solvent systems release the
absorbed CO2 in the desorber at a much lower temperature of
80 °C or even below, compared to the conventional aqueous
alkanolamine solutions, which is typically 120 °C. They form
two liquid phases during solvent regeneration and become one
phase again during absorption and revert back to two phases
upon heating and agitating in the desorber.13−15 In the DMX
process developed by IFP Energies nouvelles, on the other
hand, the single phase solvent splits into two liquid phases after
CO2 absorption. The amine-rich phase with very low CO2
loading recycles back to the absorber without regeneration and
only the water-rich phase with very high CO2 loading goes to
the stripper for the thermal regeneration. Therefore, the energy
consumption for solvent regeneration can be lowered due to
reduced liquid ﬂow rate in the stripper.11
Two diﬀerent amines, 2-(diethylamino)ethanol (DEEA) and
3-(methylamino)propylamine (MAPA), are under investigation
in this study. DEEA is a tertiary alkanolamine and MAPA has
two amine functional groups, a primary and a secondary (see
Figure 1). Therefore, we can exploit the favorable properties of
amines by blending DEEA and MAPA. Their blends have an
additional advantage of making liquid−liquid split when reacted
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Heat of Absorption of CO2 in Phase Change Solvents:
2‑(Diethylamino)ethanol and 3‑(Methylamino)propylamine
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and Kaj Thomsen†,*
†Department of Chemical and Biochemical Engineering, Center for Energy Resources Engineering (CERE), Technical University of
Denmark, Søltofts Plads Building 229, DK-2800 Kongens Lyngby, Denmark
‡Department of Chemical Engineering, Norwegian University of Science and Technology (NTNU), NO-7491 Trondheim, Norway
ABSTRACT: Heat of absorption of CO2 in phase change solvents con-
taining 2-(diethylamino)ethanol (DEEA) and 3-(methylamino)propyl-
amine (MAPA) were measured as a function of CO2 loading at diﬀerent
temperatures using a commercially available reaction calorimeter. The
tested systems were aqueous single amines (5 M DEEA, 2 M MAPA,
and 1 M MAPA) and aqueous amine mixtures (5 M DEEA + 2 M MAPA
and 5 M DEEA + 1 M MAPA) which give two liquid phases on react-
ing with CO2. All parallel experiments have shown good repeatability.
The measurements were taken isothermally at three diﬀerent temper-
atures, (40, 80, and 120) °C. The measured diﬀerential heat of absorp-
tion values were converted into integral values by integration. Heats of
absorption of CO2 in aqueous single amines were aﬀected by changing
the solvent composition (large diﬀerence in concentrations) and CO2
feed pressure simultaneously. In addition to these two parameters, it also depends on temperature and the type of amine used.
Tertiary alkanolamine (DEEA) has shown greater dependency on these parameters compared to the diamine (MAPA)
containing both primary and secondary amine functional groups. In aqueous amine mixtures, heats of absorption depend on CO2
loading, temperature, and composition of the constituent amines in the mixture. All measured heat of absorption data were
compared with 30 mass % MEA used as a base case.
1. INTRODUCTION
Amine scrubbing is one of the most common postcombustion
CO2 capture technologies available today. Owing to its extensive
use in diﬀerent industrial applications, for example, CO2 removal
from reformer gases, natural gas sweetening etc.,1 it has been
considered as the most feasible route for the postcombustion
capture. These amine scrubbing processes selectively absorb
CO2 from the ﬂue gases and release a high-purity CO2 oﬀgas
stream upon heating in a stripper which is suitable for storage
without any further treatment. However, it is well-known that
these processes are energy intensive.2,3 Innovative process design
and technological improvements are necessary in order to reduce
the high capital cost and energy requirements for the capture
processes.4 Besides this, it is also essential to develop solvent
systems with improved energy eﬃciency while retaining the
desirable properties of fast reaction rate, high loading and cyclic
capacities, low solvent degradation, low corrosiveness, and being
environmental friendly, etc. For energy eﬃcient solvent systems,
besides reasonable heat of absorption, the equilibrium temper-
ature sensitivity should also be high in order to reduce the need
for stripping steam.5
Single amine solvent systems for CO2 capture were extensively
studied and reported in the open literature. Primary and sec-
ondary amines are very reactive toward CO2 as they form car-
bamates. They have high heats of reaction and fast reaction
rates.6 Consequently, high energy is required for the solvent
regeneration. Tertiary amines, on the other hand, form bicar-
bonates due to base catalysis of CO2 hydration.
7 They have low
heats of reaction leading to low energy requirements for the
reaction reversion. These amines generally have high CO2
loading capacity and a low reaction rate.8,9 Each type of amine
group is associated with its own merits and demerits. Therefore,
amine blends have become an attractive choice to exploit the
favorable properties of both amine types. Various amine blends
(e.g., MEA + MDEA) have been studied and reported in the
literature.10,11
Recently, a new class of mixed amine solvent systems is emerg-
ing, which may be called phase change solvents. They have
shown a potential to reduce the solvent regeneration energy.
These phase change solvents either form precipitates on CO2
absorption such as the Alstom chilled ammonia process (CAP)12
or make a liquid−liquid split, for example, the DMX process13,14
and thermomorphic biphasic solvents (TBS) systems.15 The
TBS systems, after CO2 absorption, regenerate at a relatively
lower temperature of 80 °C compared to the regeneration
temperature of conventional alkanolamine solutions (∼120 °C).
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Equilibrium Total Pressure and CO2 Solubility in Binary
and Ternary Aqueous Solutions of 2‑(Diethylamino)ethanol
(DEEA) and 3‑(Methylamino)propylamine (MAPA)
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ABSTRACT: Equilibrium total pressures were measured and
equilibrium CO2 partial pressures were calculated from the
measured total pressure data in binary and ternary aqueous solutions
of 2-(diethylamino)ethanol (DEEA) and 3-(methylamino)-
propylamine (MAPA). The measurements were carried out in
a commercially available calorimeter used as an equilibrium
cell. The examined systems were the binary aqueous solutions
of 5 M DEEA, 2 M MAPA, and 1 M MAPA and the ternary
aqueous mixtures of 5 M DEEA + 2 M MAPA (5D2M) and
5 M DEEA + 1 M MAPA (5D1M), which gave liquid−liquid
phase split upon CO2 absorption. The total pressures were measured and the CO2 partial pressures were calculated as a function
of CO2 loading at three diﬀerent temperatures 40 °C, 80 °C, and 120 °C. All experiments were reproduced with good
repeatability. The measurements were carried out for 30 mass % MEA solutions to validate the experimental method. All the
measured data were also compared with the results of 30 mass % MEA as a reference case. 5 M DEEA has shown high cyclic
capacity. Both 2 M and 1 M MAPA showed high loading capacities at 40 °C and 120 °C. The aqueous amine mixtures, 5D2M
and 5D1M, gave fairly good cyclic capacities and their results depend on the concentration of the promoter (MAPA) in the
mixture. Approximate enthalpies of absorption of CO2 in all the tested aqueous amine systems were estimated from the CO2
solubility data. The measured total pressure and the estimated CO2 solubility data can be useful in thermodynamic modeling of
the capture systems when aqueous DEEA−MAPA solutions are used as capture solvents.
1. INTRODUCTION
Carbon dioxide (CO2) is a well-known greenhouse gas and a
major contributor to the global warming.1 Fossil fuel based
power generation is one of the major sources of CO2 emissions
worldwide.2 The other large CO2 emitting point sources are
iron and steel industry, cement production plants, reﬁneries,
natural gas processing plants, and petrochemical production
plants.3 Carbon capture and storage (CCS) is considered as a
potential solution to reduce the CO2 emissions and to mitigate
the climate change.4 Among the available CCS technologies,
the amine based absorption−desorption capture process is
considered as the most mature technology due to its extensive
use in diﬀerent industrial application such as acid gas removal
from natural gas.5 This technology can be retroﬁtted to the
existing power generation plants, and the techno-economic
feasibility studies indicate that the technology will remain
competitive in the coming future.6,7 However, the major
challenge with the amine scrubbing is the high energy
requirements of the process.8 Technical improvements in the
capture process and improved process design are one way to
reduce the high energy demand of the process, the other being
the design of energy eﬃcient solvent systems.9
On the basis of the characteristics of diﬀerent groups of
amines, several amine-based solvent systems have been studied
and reported in the literature. A few examples are (a) aqueous
single alkanolamine solutions such as primary (monoethanol-
amine, MEA), secondary (diethanolamine, DEA), and tertiary
(triethanolamine, TEA, and methyldiethanolamine, MDEA)
alkanolamines,5 (b) aqueous amine blends (tertiary amine
blended with primary or secondary amines as a promoter such
as MEA + MDEA and DEA + MDEA)10 to exploit the favorable
properties of diﬀerent types of amines, and (c) sterically hindered
amines11 and cyclic amine (e.g., piperazine)12 both as single
aqueous solutions13−15 or as a blend of both together16−18 or a
blend of each with other amines.19−21 One of the basic purposes of
these and many other studies reported in the literature is to get the
best solvent system with the characteristics of high CO2 loading
and cyclic capacity, fast reaction kinetics, low heat of absorption,
low thermal and chemical degradation, low corrosion tendency,
environmentally benign, and possibility of operating at elevated
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Binary and ternary VLE of the 2-(diethylamino)-ethanol
(DEEA)/3-(methylamino)-propylamine (MAPA)/water system
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H I G H L I G H T S
 Binary, ternary VLE data measured for DEEA/H2O, DEEA/MAPA and DEEA/MAPA/H2O.
 Titration technique developed to quantify the DEEA/MAPA system.
 The UNIQUAC framework implemented and the parameters are ﬁtted.
 Activity coefﬁcients of DEEA/MAPA in ternary found lower than for binary systems.
 An inconsistency seen between water activity coefﬁcients from VLE and SLE results.
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a b s t r a c t
A mixed 2-(diethylamino)-ethanol (DEEA) and 3-(methylamino)-propylamine (MAPA) system could be
an attractive alternative solvent to improve the performance of CO2 capture for low partial pressure
cases. This solvent has the advantages of forming two liquid phases upon CO2 loading, one rich in CO2
and the other very low in CO2. Having a highly concentrated rich solvent improvements could be reached
by reducing the sensible heat and improving the equilibrium sensitivity hence reducing the need for
stripping steam. Also it is possible that the heat of absorption may change to the better.
To better understand this system in designing the separation unit requires substantial work on
characterization of the solvent. One important aspect is to provide equilibrium data. In this work new
ebulliometric VLE data for the binary DEEA/H2O and DEEA/MAPA systems and the ternary DEEA/MAPA/
H2O system are reported at different temperatures and concentrations. Results show that pure MAPA is
more volatile than DEEA, but in aqueous solution MAPA was found to be less volatile. A mix of DEEA and
MAPA in aqueous solution tends to lower the volatility thus makes the system more advantageous by
reducing volatility. The activity coefﬁcients for the species in the ternary aqueous system are found to be
lower than the activity coefﬁcients obtained from the corresponding binary aqueous mixtures.
The UNIQUAC framework was implemented to represent the experimental data. The six UNIQUAC
parameters were determined and were able to predict P-T-x-y, activity coefﬁcient, excess enthalpy and
freezing point depression for both the binary and ternary systems. However, a small inconsistency was
observed between water activity coefﬁcients determined from ebulliometer and freezing point depres-
sion measurements.
& 2013 Elsevier Ltd. All rights reserved.
1. Introduction
Amine mixtures which potentially form two phases at higher CO2
concentration have recently received attention as a CCS technology.
The changes in technology comprises two major elements, solvent
and process development. When two phases occur the regeneration
heat requirement could be expected to be lower as only a lower
phase, being a highly concentrated rich solvent is sent to the stripper
and the sensible heat loss could be reduced. By forming a second
phase the equilibrium temperature sensitivity could be improved
thereby reducing the need for stripping steam and also the heat of
absorption may be affected positively.
The DMX process by IFPEN is based on special solvents forming
two immiscible phases and is now under testing in Italy (Raynal
et al., 2011). This process is claimed to give a speciﬁc reboiler duty as
low as 2.1 GJ/tonne CO2 captured which is signiﬁcantly lower than
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Abstract 
A reaction calorimeter was used to measure the differential heat of absorption of CO2 in phase change solvents as a 
function of temperature, CO2 loading and solvent composition. The measurements were taken for aqueous solutions 
of 2-(diethylamino)ethanol (DEEA), 3-(methylamino)propylamine (MAPA) and their mixture. The tested 
compositions were 5M DEEA, 2M MAPA and their mixture, 5M DEEA + 2M MAPA which gives two liquid phases 
on reacting with CO2. Experimental measurements were also carried out for 30% MEA used as a base case. The 
measurements were taken isothermally at three different temperatures 40, 80 and 120oC at a CO2 feed pressure of 600 
kPa. In single aqueous amine solutions, heat of absorption increases with increase in temperature and depends on the 
type of amine used. DEEA, a tertiary amine, has lower heat of absorption compared to MAPA being a diamine with 
primary and secondary amine functional groups. For amine mixtures, heat of absorption is a function of CO2 loading 
and temperature. The heat of absorption against CO2 loading depends on the composition of the amines in the 
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Carbon dioxide absorption using amines is the most common operation for CO2 capture from power 
plant flue gases. The amine-based absorption processes selectively absorb CO2 and release a high-purity 
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Aqueous Solubility of Piperazine and 2-Amino-2-methyl-1-propanol
plus Their Mixtures Using an Improved Freezing-Point Depression
Method
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ABSTRACT: In this work the solidliquid equilibrium (SLE) and freezing-point depression (FPD) in the electrolytic binary
aqueous systems piperazine (PZ, CAS No. 110-85-0) and aqueous 2-amino-2-methyl-1-propanol (AMP, CAS No. 124-68-5) were
measured. The FPD and solubility were also determined in the ternary AMPPZH2O system. Amethod was developed by which
solubility can be determined at higher temperatures using the FPD setup. A total of 86 data points are listed in the full concentration
range from (35 to 90) C. The solid phases piperazine hexahydrate (PZ 3 6H2O), piperazine hemihydrate (PZ 3 1/2H2O), and
anhydrous PZ precipitated during the experiments. The data can be used in the formulation, prevention, or intentional formation of
slurries in piperazine solvents for promoting CO2 capture using absorption and desorption.
1. INTRODUCTION
CO2 capture is an openly debated topic for carbon emission
reduction to reduce pollution by greenhouse gases. Process
streams containing carbon dioxide can be cleaned by absorption
in aqueous liquid solvents. Amines, strong bases, or combination
of the two are typically used as active components. The low heats
of absorption and desorption are design criteria that reduce the
cost of energy in regeneration of the solvent. This is obtained by
using sterically hindered amines. The result is often slow reaction
kinetics between the solvent and CO2. Consequently piperazine
(PZ) is being used in solution formulation to create an enhanced
CO2 capture solvent. PZ can be used with both amine and potash
solutions (K2CO3) to increase the rate of absorption and thereby
promote the CO2 capture.
A lower PZ concentration was typically used in literature.
Recently the scope has changed, and PZ is now being used at
higher concentrations. On increasing the concentration, the
solubility limit of PZ is being reached, especially during winter
temperatures and even up to room temperature. The unexpected
formation of slurries and solids downstream may create unfore-
seen process conditions, decrease eﬃciency, and create clogging
which will result in unfortunate hazardous operations. In general
it could be interesting to provoke the formation of CO2 contain-
ing solids and thereby facilitate and increase the capacity of
the capture solvent. CO2 deprived solids are rarely preferable in
terms of CO2 capture.
The aim of this work is to determine the solidliquid phase
boundary in the two binary PZH2O and AMPH2O systems
and also in the ternary AMPPZH2O system. 2-Amino-
2-methyl-1-propanol (AMP) is a sterically hindered amine. CO2
absorption in AMP solutions can be promoted by adding PZ.
An additional goal of this work was to enhance the utiliza-
tion of freezing-point depression (FPD) equipment develop-
ing a method for the purpose of studying solidliquid equi-
librium (SLE) behavior in solutions precipitating solids other
than ice.
PZ is a compound which has a variety of applications; for
example, it has been used for animal and human intake in the
treatment of roundworm infections as an anthelmintic.1,2
The SLE phase boundaries of the aqueous PZ system were
examined very early by Berthelot,3 further by Rosso and
Carbonnel,4 and in summary by Carbonnel and Rosso.5 Berthelot3
stated the existence of the hexahydrate PZ 3 6H2O, the hemihy-
drate PZ 3 1/2H2O, and possibly a monohydrate. The diﬀerential
scanning calorimetry (DSC) analysis by Rosso and Carbonnel4
conﬁrmed the formation of the following PZ solid hydrate
phases, hexahydrate, hemihydrate, and anhydrous PZ with the
equilibrium reactions:




H2OðsÞ a PZðaqÞ þ 12H2OðlÞ ð2Þ
PZðsÞ a PZðaqÞ ð3Þ
Rosso and Carbonnel especially note that the system has
two eutectic points, at1 C between ice and hexahydrate and
at 33 C between hexahydrate and hemihydrate, including a
peritectic point at 58 C at the intersection between hemihydrate
and anhydrous PZ. The hexahydrate melts at 44 C, and
anhydrous PZ melts at 104 C, as determined by Berthelot,3
Schwarzenbach,6 and Rosso and Carbonnel.4 A more accurate
anhydrous melting point was estimated by Witschonke7 of
(111.4 and 111) C by Hetzer et al.,8 which is in line with the
chemical supplier of this work. Rosso and Carbonnel4 present a
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Abstract 
Equilibrium solubility of CO2 were measured in aqueous solutions of Monoethanolamine (MEA) and N,N-diethylethanolamine 
(DEEA). Equilibrium cells are generally used for these measurements. In this study, the equilibrium data were measured from 
the calorimetry. For this purpose a reaction calorimeter (model CPA 122 from ChemiSens AB, Sweden) was used. The 
advantage of this method is being the measurement of both heats of absorption and equilibrium solubility data of CO2 at the 
same time. The measurements were performed for 30 mass % MEA and 5M DEEA solutions as a function of CO2 loading at 
three different temperatures 40, 80 and 120oC. The measured 30 mass % MEA and 5M DEEA data were compared with the 
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